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Presents the subject as portant 

part of the science of chemical meas- 
urement ~~ fundamental principles and analytical 
procedures presented separately to insure the 
student’s understanding of theory >>} gravimetric, 
volumetric and instrumental methods all thor- 
oughly illustrated in the more than 200 exercises 
“> special attention given to sound manipulative 


_ technique and workable procedures ~~ all calcula- 
tions involved in chemical analysis carefully ex- 
CHARLES W. FOULK plained so that the average student can understand 
them >> an exceptionally teachable book for the 
HARVEY V. MOYER 
usual majors’ course (readily adaptable to shorter 
WILLIAM M. MacNEVIN courses. ) 
OTHER MAJOR BOOKS | 
Professors of Analytical Chemistry IN CHEMICAL EDUCATION 
The Ohio State University Timm 
GENERAL CHEMISTRY, 2nd Edition $5.00 
~.. for college students who have English and Cassidy 
: PRINCIPLES OF ORGANIC 
had one year of general chemistry CHEMISTRY $6.00 
including qualitative analysis Hamilton and Simpson 
CALCULATIONS OF ANALYTICAL 
CHEMISTRY, 4th Edition $4.25 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 
330 WEST 42ND STREET NEW YORK 36, N. Y. 
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POTASSIUM menm-PERI 


Today, increased civilian as well as military demands keep the 
steel industry going at full tilt. With time a vital factor in 
making determinations, most steel chemists favor ‘Baker 
Analyzed’ Reagents with the actual lot analysis on the label. 


These dependable laboratory chemicals, with defined purity 
to the decimal, enable chemists to operate at top speed and 
to check their calculations quickly. Featured is ‘Baker 
Analyzed’ Potassium meta-Periodate, low in Manganese. 


Below are a few other ‘Baker Analyzed’ Reagents with extreme- 
ly low indexes of impurities so important to steel chemists. 


It is no surprise that ‘Baker Analyzed’ Reagents are held 
in such high esteem by the steel chemist. Surveys show that 
‘Baker Analyzed’ Reagents are preferred by practically every 
industry where raw materials are controlled and finished 
products are searchingly analyzed. 


Baker 


jak e r 


REAGENT ° 


SPEED UP TESTS with Baker Analyzed’ 


ODATE low in Manganese 


Order your supply of ‘Baker Analyzed’ Reagents from yout 
favorite laboratory supply house. There is a Baker distributor 
near you who will give you quick, efficient service. 


For a copy of Baker’s recent Specification Catalog, write 
J. T. Baker Chemical Co., Phillipsburg, New Jersey. 


Other ‘Baker Analyzed’ Reagents 

of interest to Steel Chemists 
Perchloric Acid ] 
Sodium Chlorate 
Sodium Peroxide 
Tin, Granular, 


Ammonium Persulfate 
Hydrochloric Acid 
Hydrofluoric Acid 
Molybdic Acid 


20 or 30 mesh i 
GAL DD 


“FINE INDUSTRIAL 
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A. H. T. CO. MODEL H-1 


ANALYTICAL 


A dependable, low priced Balance, of simple and durable construction, 
for use in educational or industrial laboratories 


ANALYTICAL BALANCE, A.H.T. Co. Model H-1. 
fied design, without drawer in base, intended for use in industrial or educational laboratories for quanti- 
tative analysis. Especial attention has been given to the design of the beam, beam support, stirrups 
and stirrup rests, so that erecting and cleaning can be accomplished quickly and with minimum danger 
of damage to the delicate parts such as agate knife edges, etc. 
rod of Duralumin and will pick up and accurately adjust the rider without striking the beam. 


Sensitivity—0.1 milligram with full load. Adjusted so that 
the change of weight of 1 mg on the pan deflects the 
pointer on the scale at least 2'4 divisions. 


Capacity—200 grams in each pan. 


Case—of mahogany, with counterpoised front door, circular 
level and leveling screws, but without drawer in base. 
Overall dimensions, 161% inches wide X 16 inches high X 
91% inches deep. 

Central Pillar—Of Duralumin, oxidized black, 54-inch 
diameter. 

Beam—of Hardened aluminum, 6 inches long, with oxidized 
black finish. Graduated in white on both sides of central 
knife edge from 0 to 5 mg in 1/10 mg divisions, using a 5 
mg rider. 

Rider Carrier—Mounted on a slotted rod of Duralumin; 
will pick up and accurately adjust rider without striking 
the beam. 


Knife Edges and Planes—Of agate throughout. 


1812. Balance, Analytical, AH.T. Co. Model H-1, as above described, with two 5-mg riders but without weights. . . . 


5% discount in lots of 6; 10% discount in lots of 12 or more. 


BALANCE 


An improved execution of a time-tested, simpli- 


The rider carrier is mounted on a slotted 


Release and Arrest—The beam and hangers are released 
by a single action device making the contact of the central 
knife edge simultaneous with the contact of the end knife 

The construction of the arresting 

device is simple and rugged, engaging and supporting the 

beam and hangers free of any contact with the knife edges 
and bearings, thus preventing any possible damage while 
loading and unloading the pan. 


edges and bearings. 


Pointer Scale—Of ivory, recessed so that the end of the 
pointer moves in the offset in the same vertical plane as 
the division on the scale, thus avoiding errors of parallax. 

Pan Arrest—Self-locking, adjustable push-button type. 

Pans—of polished Duralumin, 24 inches diameter. 


Arches—Of polished Duralumin, height 714 inches, spread 


Riders—Each balance is furnished with two 5-mg aluminum 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 


Cable Address ‘“‘Balance,’”’ Philadelphia 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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TEXTBOOK of ORGANIC CHEMISTRY 


The New Third Edition. By Georce Hoimes Ricuter, Dean of The Rice Institute 
and Professor of Organic Chemistry. George Holmes Richter’s Textbook of Organic Chemistry 
has, since its first edition, been set apart from the majority of other textbooks by its 
thorough treatment of the fundamentals: nomenclature, theories, synthesis, and 
reactions. The superiority of Dr. Richter’s book lies in the fact that it does not try 
to ‘‘water down’ the subject for beginning students but presents it in its true perspec- 
tive. 

Principal changes in the third edition: Theoretical consideration of the elec- 
tronic configurations of elements expanded @ The treatment of molecular orbitals 
in reference to the sigma and pi components of double bonds included @ A discussion 
of nuclear structure and of isotopes of significant interest to organic chemistry added @ 
Many new theoretical topics introduced (e.g. resonance phenomena, hydrogen bond- 
ing, transition state theory of reactions, the Walden inversion, color in dyes, etc.) @ 
The division of nomenclature expanded to include newer conventions @ New reactions 
introduced @ New products discussed. January, 1952. Approx. 800 pages. Prob. $7.00. 


CHEMICAL CALCULATIONS: An Introduction to the Use of Mathematics 
in Chemistry 


By Sipney W. Benson, Professor of Chemistry, University of Southern California. Pro- 
fessor Benson believes that the beginning chemistry student's difficulty in doing prob- 
lems arises not from a lack of mathematical background but from a lack of familiarity 
with the way in which chemists use mathematics. This book copes with the difficulty 
by presenting all terms, units, and definitiéns that will be employed mathematically 
in the form of equations. In this way there is a unified method for attacking chemical 
problems. 

Chemical Calculations represents the cumulative experience of many years of experi- 
menting with the presentation of chemical arithmetic. The result is a consistent and 
logical approach, with methods that require the student to think and enable him to 
test the correctness of the answer he obtains. Ready in February, 1952. Approx. 222 
pages. Prob. $2.95. 


FUNDAMENTAL PRINCIPLES of POLYMERIZATION 


By G. F. D'Atgxio, Koppers Co., Inc. Ready in March, 1952. Approx. 477 pages. Prob. $6.00. 


A STUDY of ANTIMETABOLITES 


D. W. Wootey, The Rockefeller Institute for Medical Research. January, 1952. 269 pages. $5.00. 


Send for copies on approval 


JOHN WILEY & SONS, Inc., 
440 Fourth Avenue New York 16, N. Y. 
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USED WHERE DEPENDABILITY AND 
ACCURACY ARE THE WATCHWORDS 


BOEKEL viscosimeters, manufactured according to A.S.T.M. standards, are fabricated from highest 
quality materials and individually tested before they leave the factory. 


In research, as well as industrial laboratories, or where ever there is a need for an accurate viscosity 
test, the various types of BOEKEL viscosimeters can be found. 


The Engler viscosimeter shown on the above is the modified type. It is used in the testing of tar 
and petroleum products as set fourth in the A.S.T.M. standard method D-490. 


The Saybolt type viscosimeter on the right, available with interchangeable Universal or Furol tip for the 
oil tube, is primarily used in testing of heavier oils. 


LISTINGS 
#1526 SAYBOLT VISCOSIMETER #15302 ENGLER—Modified 


Universal and Furol Gold Plated Cup e Platinum Outlet Tube 


BOEKEL PRODUCTS ARE KNOWN BY TRADE MARK THROUGH LABORATORY SUPPLY 
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Better Equipment. 
for your Laboratory 


A basic necessity in every laboratory employing radioactive 
solutions is a device for the remote handling of these liquids. 
The Remote Pipette Control was designed to perform all the 
pipetting operations simply and effectively, and it eliminates 
completely the necessity of handling the pipette at any stage 
of its use. 


The syringe control and pipette locking device are conven- 
iently located in the handle. The handle is curved on the 
upper surface and grooved on the lower surface to fit the 
hand comfortably. The pipette is picked up by a spring 
tension finger, and the top of the pipette pushed snugly into 


No. CE341-64 Remote Pipette Control, all aluminum, each . 


No need to handle pipette at any stage 
of its use. 
* 


Reasonably priced. 


* 


Light and Portable. 


a tapered, soft synthetic rubber receptor, making an air. 
tight seal. The spring tension finger is locked by turning the 
knob controlling it, and the pipette is ready for use. (Con- 
taminated pipettes are ejected by merely releasing the spring 
tension finger.) The precision syringe in the handle enables 
accurate pipetting. It will handle pipettes from 5 ml. down 
to 100 lambdas with ease. A special insert and 1 mi, 
syringe are available for pipetting from 1 ml. to 10 lambdas. 


The Remote Pipette Control is ruggedly constructed of light 
weight aluminum. The smooth anodized surface permit 
easy decontamination. The control is also available with 
aluminum handle and stainless steel parts. 

$39.50 


No. CE341-65 Remote Pipette Control, aluminum handle and stainless steel 


parts,each ... 


No. CE341-66 Adapter and Syringe, pipetting from 1 mi. to 10 each 


49.50 
7.50 


OLANC 
SAFETY GLASS SHIELD 


@ Heavy duty laminated safety glass with metal clad edges 
provide for the maximum protection from injury due to acci- 
dental explosions, broken connections and other potential 
hazards. 

Frame is 30” x 14”, supported by slotted heavy casi iron 
bases. The shield is firmly gripped by set screws. Extra 
heavy bases will hold the shield firmly upright on either the 
30” or the 14” side. Complete with two bases. 

$25.00 


ARTHUR S. LoPINE AND COMPANY, 


LABORATORY SUPPLIES-EQUIPMENT 


LaP ing 


121 W. HUBBARD ST., CHICAGO 10, ILL. 


JOURNAL OF CHEMICAL EDUCATION, JANUARY, 1952 


comp 
of its 
Mete 
choic 
and | 


Mod: 
lar 
Accu 
ent « 
mete 
amp! 
cise | 


cuit 
and 
ment 
ity a' 
tivity 


tems 
corre 
10° 

com, 
tabli 


att 

e 

\ 

. 
: 

~ 

4 

( 

a 
oe La PINE 
Ple 
8 


an air 
jing the 

(Con- 
spring 
2nables 
|. down 

1 mi. 
mbdas, 


>F light 
permits 
le with 


7.50 


BECKMAN MODEL G pH METER 


Because of its unique design and the un- 
compromising quality that goes into every step 
of its construction, the Beckman Model G pH 
Meter is—by every standard— the unquestioned 
choice wherever utmost accuracy, versatility 
ard laboratory convenience are desired 


Highel Uecuray 


The unique electronic circuit used in the 
Model G permits pH to be read directly from 
@ large accurately-scaled potentiometer dial. 
Accuracy of the Model G is entirely independ- 
ent of mechanical variations in a registering 
meter or of changes in the characteristics of the 
amplifier—a very important advantage in pre- 
cise laboratory investigations. 


Moreover, since the sensitivity of this cir- 
cuit reaches a peak at the point of reading— 
and falls off rapidly on either side—the instru- 
ment automatically provides maximum sensitiv- 
ity at the pH value of the test sample. No sensi- 
tivity switches are necessary. 


Accuracy is further insured by built-in 
temperature compensation that automatically 
corrects for temperature effects over the range 
10° to 40° C. And beyond this normal range 
compensation can be easily made by correction 
tables. 


* lastremonts inclade pil Meters and Electrodes — Spectrophotometers — Radieactivity Meters — Special lestrements 


As a result of these important features, 
readings can be made—and reproduced—to an 
accuracy within 0.02 pH unit. 


Maumum 


The Beckman Model G instrument is read- 
ily adaptable to virtually any type of pH meas- 
urement in research or laboratory applications. 
In addition to pH measurements, it can be used 
for electrometric titrations, and for oxidation- 
reduction measurements over the range —1300 
to +1300 millivolts with an accuracy to within 
two millivolts. Moreover, since it operates en- 
tirely on long-life self-contained batteries, the 
Model G can be used anywhere—in field, plant 
or laboratory. 

Equally important is the diversified line of 
Beckman Glass Electrodes available for use with 
the Mode! G instrument—electrodes specially 
designed to meet the particular problems of 
such fields as industrial, medical, biological and 
agricultural research. And where a particular 
application requires different characteristics 
than found in any of the scores of Beckman 
electrodes regularly available, the Beckman 
research staff will be happy to develop and 
produce electrodes to meet your special néeds. 


—to within 0.02 pH! 


—virtually unlimited! 


Why Beckman pH Equipment 
is essential for today's 
Chemistry Courses 


WHEREVER THERS’S WATER 
THERE'S pH... 


PH is one of the most important 
variables encountered in modern in- 
dustrial processes. 

In hundreds of industries and proc- 
esses—ranging from food processing 
to sewage disposal, from metal plat- 
ing to paper making—pH control is 
essential for low cost, bigh quality. 

In industry alone there are thou- 
sands of pH meters in use throughout 
the world ...and many more in use 
in schools, research institutions, bos- 
pitals and government agencies. 

This means the vast majority of 
students who work in technical jobs 
in industry or research will need «a 
thorough knowledge of pH. 


«+. AND THE LEADING NAME 
iM pH IS BECKMAN! 


For years Beckman has been the 
leader in pH because Beckman pio- 
neered the very advancements that 
have made modern electrometric pH 
control methods possible. These 
methods have largely replaced older 
less-efficient techniques, and today 
there are more Beckman pH Meters 
and electrodes in use throughout the 
world than all other makes combined. 

Every chemistry student should be 
properly instructed in modern pH 
determination using the same Beck- 
man equipment that is standard in 
industry and research. 


Your nearest authorized Beckman instrument dealer will be glad to show you the 
many advanced features in this fine instrument—or write direct for complete details. 


Beckman Instruments Inc., South Pasadenc 36, California 


FACTORY SERVICE BRANCHES: NEW YORK * CHICAGO * LOS ANGELES 


Please mention CHEMICAL’ EDUCATION when writing to advertisers 
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MUCH MORE THAN gust A MARKING PENCIL 
1's an ALL purpose Thick-Lead PENCIL 


with Kohl Leads 


Sure it is a marking pencil—the best made to fill the tremendous 
demand for a quality marking pencil. 


But it is more—Much More! It's a 


“CHINA-MARKING PENCIL” for marking on glass, porcelain, 


plastic, metal, rubber and other very smooth surfaces. 


“HEAT RESISTANT MARKING PENCIL” for marking on hot or 
cool surfaces—retains its mark in boiling water or dry heat in excess 


of 1000° F. 
“SKIN MARKING PENCIL” for outline marking on skin. 
“GRAPHITE PENCIL” for writing, drawing or sketching on paper, 


newsprint, cardboard, wood, leather and similar surfaces. 


“CELLOPHANE MARKING PENCIL” for marking frozen food 


packages, wax paper, moist or frosted surfaces of cellophane, metal, 
etc. 


“CHECKING CRAYON” for checking, marking or coloring on 


paper, wood, cardboard, cloth, newsprint or similar surfaces. 


Just think—one pencil with the proper lead will fill your demand 
for a marking pencil, layout pencil, checking pencil and the hundreds 
of other specialized uses for a thick pencil. 

82490 MARKING PENCIL, Mechanical. Supplied with one china marking lead 23/1 ins. long. 


Please specify color— 
Black, Red, Blue, Green or Yellow Ea. .25 perdozen 3.00 


82491 CHINA-MARKING LEAD. For marking on glass, porcelain, skin, plastic, metal, 
cellophane and other very smooth surfaces. 5 colors—Black, Red, Blue, Green and Yellow. 


Specify color. 4 leads, 23/4 ins. long, in box. 
\ Perbox of 4leads .15 . Per dozen boxes 1.80 


82492 HEAT RESISTANT LEAD. For marking on hot or cold surfaces. Retains its mark 
in boiling water or dry heat in excess of 1OOO° F. Qcolors—Red and Black. Black color will 


change to red at 500° F 
Per box of 4leads .15 Per dozen boxes 1.80 


82493 GRAPHITE PENCIL LEAD. For writing, drawing or sketching on paper, news- 
print, cardboard, leather, wood or similar surfaces. In 3 degrees of hardness. B—medium, 


4B—soft, 7B—very soft. 
Per box of 4leads .15 Per dozen boxes 1.80 


82494 CELLOPHANE MARKING LEAD. For marking frozen food packages, moist 
cellophane, wax paper, metal, etc. 3 colors—Black, Red and Green. 
Per box of 4leads .15 Per dozen boxes 1.80 
82495 CHECKING CRAYON LEAD. For checking, marking or coloring on paper, 
wood, cardboard, cloth, newsprint, etc. 5 colors—Black, Red, Blue, Green and Yellow. 
Perbox of 4leads .15 Per dozen boxes 1.80 r= 
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TANDARD SCIENTIFIC SUPPLY CO 


West 4th Street New 
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A new, Stable 


primary standard for 


Karl Fischer reagent 


In a recent study,! Sodium Tartrate Dihydrate Dihydrate afforded all the following advantages: 


) / was shown to be the ideal primary standard 1. A solid, crystalline chemical, stable at extreme humidities and 


for prolonged periods of time without special storage pre- 


for determining the strength of Karl Fischer 
2. A water content that does not vary more than plus or minus 
reagent. Out of fifteen chemicals tested for suit- 0.05% from theory. 
ar ; 3. A water content rapidly and quantitatively titratable to a 
ability as standards, only Sodium Tartrate sharp end point. 
Significantly, SODIUM TARTRATE MERCK, Reagent, was the chemical used 
“re in this investigation. Write us today for complete details on this new procedure. 
yT 1. Neuss, J. D., O'Brien, M. G., and Frediani, H. A., Analytical Chemistry 23, 1332 (1951) 


MERCK LABORATORY CHEMICALS 


—PRECISION TOOLS FOR ACCURATE ANALYSIS— 


MERCK & CO., Inc. 
RAHWAY, NEW JERSEY 
In Canada; MERCK & CO. Limited— Montreal 
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CHEMICALS 
C.P., A.C. S. and 
Purified Grades 


BIOLOGICAL 
STAINS 


CHEMICAL 
INDICATORS 


SOLUTIONS 


For Analyses and 
Clinical Investigation 
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Kimble makes glass serve you 


LEADERSHIP is our heritage 


ReresTteD EXAX GLASSWARE is 
another illustration of the leader- 
ship in chosen fields that is Kimble’s 
heritage. 

It is precision made. Tested and 
for accuracy. Streamlined 


KIMBLE GLASS TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 


1952 Please mention CHEMICAL EDUCATION when writing to advertisers 


and durable. Retested Exax glass- 
ware gives long, honest service to 
science, industry and education. 
Leadership in the quality and 
quantity of the products it makes is 
the heritage that Kimble craftsmen 


today jealously maintain. We are al- 
ways ready to discuss any problem 
you have that may be solved with 
glass, for maintaining our heritage 
of leadership is the business of 


Kimble today. 
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PHOTO COURTESY—E. R, SQUIBB & SONS 


In America’s Leading Laboratories® 
New Christian Becker Balances continue 


Pace Setter 


*[llustrated is Christian Becker 
Analytical Balance Model AB-2, 
in use at E. R. Squibb and Sons, 
New Brunswick, New Jersey 


Contact your Laboratory 
Supply House Salesman-today. 


Division of 


ONLY IN-A CHRISTIAN BECKER 
WILL YOU FIND ALL THESE FEATURES 


Speed-up Operation—New design, 
quick-acting damper, smooth-acting, one- 
motion rider lifter, immediately acces- 
sible control knobs speed operation. 


Less Eye Strain—Tapered case design 
improves lighting, focuses light on read- 
ing area, beam and index. White matte 
inside finish diffuses light. 


Quicker Readings — Larger, easy to see 
numerals on scientifically positioned, 
constant-eye-level Chainomatic dial and 
vernier. All adjustments made from out- 
side of case. 


Greater Working Access—Entire front 
of balance opens. Full working area 
instantly accessible. No cramping of 
hands while weighing. 


Prolonged Sensitivity—Less knife edge 
dulling, beam arrest arms and beam pivot 
on a common axis—no sliding of knife 
edge on bearing surface. 


“Beckerloy’ Weights THE TORSION BALANCE COMPANY 


MAIN OFFICE AND FACTORY: CLIFTON, NEW JERSEY e SALES OFFICES: CHICAGO e SAN FRANCISCO 
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Model 


A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
measurement of non-aqueous substances, the sensitivity 
and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


SARGENT 


CHEMICAL 


OSCILLOMETER 


wise, the range of dielectric measurement from air to 
water corresponds with a scale range in the oscillometer 
of roughly twenty-four thousand units, reproduceable 
within approximately one such scale unit, insofar as 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations normally 
considered conductimetric or potentiometric, the sensi- 
tivity of end point indication is best in the lower range 
of common conductivities but is excellent in reactions of 
strong acids and bases as well, provided the reaction 
medium can be held to a maximum concentration in the 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is ex- 
tremely sharp and indicates direct procedures in many 
instances. 

Total working scale range is thirty-two thousand scale 
units, applied by a multiple-turn dial and additive range 
switches. Internal range checking standards are incorpo- 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration cell 
accommodates a glass stirrer operating continuously with- 
out prejudice to the accuracy of measurements. 
$-29180 SARGENT CHEMICAL OSCILLOMETER, 
with two interchangeable cell holders and cells. Available 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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Anywhere! 
y 


Completely Portable Meter 


THE BECKMAN MODEL N 


Check over these features: 


« Accuracy to better than 0.05 pH. 
« Low operating cost—less than 2¢ per hour. 
Built-in temperature compensation— 


0° to 100° C. from 


« Fast warm-up of less than 10 seconds. 
e “Check pointer” eliminates need for frequent 
buffer standardization. HARSHAW 
© Botteries are easily checked with the regular 
panel controls. No need to disassemble the 
i Clip. ting of batteries elimi- 
nates need for soldering or wiring. 
All-metal case of cast aluminum with baked 
enamel finish to resist wear and corrosion. 
© Splash-proof design, fully desiccated 
internally. 
* Shock-proof. Each tube is individually shock- 
mounted. 
Weighs less than 8 Ibs., complete. 
Equipped with the new Beckman Red Label 
Glass Electrode—virtually unbreakable, 


covers almost the entire pH range, usable 
from freezing to boiling. 


By far the most rugged overall construction 
of any pH meter. 


The new Beckman Model N pH Meter isentirely § Two Models are Available: v 
independent of any outside power circuit. It $ 1. Model N-1 (illustrated), without a cover but with a ai 
meets perfectly the wide demand for acompletely ¢ rigid handle? inches long, 472 inches deep, 
inches wide including ¢ ectrodes. omp: ete wit ass 
portable battery x operated pH instrument that - and reference electrodes, electrode holder, 50 ml a MODE 
is inexpensive, light in weight, compact, and ee __ buffer solution, 100 ml KCL solution, 100 grams KCL tures tc 
rugged enough to be used anywhere. The newly $ ‘crystals. os 
developed Beckman Model N hot only meets all ° 2. Model N-2 (not illustrated), with a cover-compart- MODI 
th : b a . ment hinged to the case with spaces for 2-ounce bottles MODI 
ese requirements, but many more. For in- e of buffer solution and distilled water, thermometer, 10 904 
stance, the electrode support rotates alongside inches long, 8 inches deep, 
: : : : inches wide including electrodes. Complete with the 
the case for maximum Comyemence aad carrying. ; same accessories as listed above for Model N-1 and in MOD 
Instrument can be used in either horizontal or ¢ addition, thermometer 0-100°C, polyethylene bottles MOD 
vertical position. Convenient controls not only $ for buffer solution and distilled water. 1734" 
centralize all operating functions, but also per- ¢ 4+29601—Beckman Model N-1 pH Meter. range) 
° > 9602— man el N- ter. 
dition without opening case or disturbing battery ° ae Se om . $195.00 MOD 
connections. (Quantity prices on request) 
For further information on these instruments or any other Beckman product, contact the Harshaw Scientific office nearest you. ve 
MOD 
A. C. 


DIVISION OF THE HARSHAW CHEMICAL CO. © 
CLEVELAND 6, OHIO 
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THERMO 
CONTROL 


with automatic, hydraulic 
electric thermostat. Re- 
sponse sensitivity + /2°C. 


Ermintrude 


POLISHED 
STAINLESS STEEL 


These De-Luxe ovens are the result of superb engineering, the finest of workmanship and 
materials. Designed to withstand maximum abuse, they are ideal for analytical labora- 
tory and general chemical work involving baking, drying, conditioning, pre-heating, and 
many other laboratory jobs. 


CONSTRUCTION—Outside housing, door and 
base are made of beautiful shining No. 4 finish Stain- 
less Steel (Type 302, 18-8). The inside working 
chamber is made of No. 2 finish Stainless Steel (T pe 


HEAT CONTROL—Sensitive, powerful, automatic 
hydraulic electric thermostat conveniently mounted on 
front allows easy setting of temperatures. Graduated 

for Fahrenheit and Centigrade readings; response sensi- 


302, 18-8). Two adjustable shelves of electro-polished 
Stainless Steel Wire. 

INSULATION—AIl six sides insulated with 1%” 
layer of fiber glass wool in Models SN-4440 and 
SN-4400, and 22” layer in Models SN-4500 
and SN-4480. Keeps heat loss at a minimum and 
outer surfaces cool even after prolonged use. 
VENTILATION— Intake ports at bottom allow fresh 
air to enter. Double exhaust ports at top, with Stainless 
Steel slides, control exhaust fumes. 


tivity + 14° 

HEATING ELEMENT—Heavy Nichrome V re- 
sistance wire, spread over entire base of inside chamber. 
Positive temperature uniformity assured. 


_DOOR—Fully insulated, ae on a continuous hinge 
a 


and fitted with a fool-proof tch designed to insure 
safety. Exclusive dovetail design gives positive seal. 


PILOT LIGHTS—Red neon light denotes unit 
operation, green neon light for thermostat operation. 


MODEL SN-4440—A most popular oven, 12” x 12” x 12” inside. Tempere- 
tures to 232 deg. C. (100 to 450 deg. F. range). Two anaes Stainless Steel 
shelves, 6-foot cord and plug. For 110 volt, 60 cycle, single phase A.C. current. 
MODEL SN-4460—Same as SN-4440, but 110 “ $127.50 
MODEL SN-4400—New, small size—only 8" x inside. Temperatures 
to 204 deg. C. (100 to 400 deg. F. range). One Ssinless Steel shelf, thermometer, 
_— cord and plug. For 110 volt, 60 cycle, single phase A. C. current. 500 
MODEL SN-4420—Same as SN-4400, but 110 volts, D.C............. $85.00 
MODEL SN-4480—A DeLuxe, large size, high temperature oven, 187%” x 
1734” x 1434" high inside. Temperatures up to 288 deg. C. (100 to 550 deg. F. 
adeaaky Two adjustable Stainless Steel shelves, thermometer, terminal block for 
tet connections. For 110 volt, 60 cycle, single phase A. C. current. 1750 


MODEL SN. SN-4490—Same as SN-4480, but for 290 volt, 60 cycle, i hese, 
MODEL SN.4500—Similar to SN-4480. Stainless Steel interior but baked 
enamel exterior, and = coated shelves. 

_C. current. 1750 
MODEL SN.4510—Some as SN-4500, but for 220 volt, 60 cycle, sin f — 
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Wladela wits TIMER switcH 


(1 MINUTE TO 1 HOUR) $11.00 additional, 


SCHAAR & COMPANY 


TO 550° Fahrenheit 


TEMPERATURE RANGES UP 


CHICAGO 7, 


54 W. LEXINGTON § 


ILLINOIS 
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from Macmillan—the best in chemistry texts 


INTRODUCTION TO SEMI-MICRO 
OUALITATIVE CHEMICAL ANALYSIS, 
Revised Edition 


Louis Curtman e Professor Emeritus, The College of the City of New York 


from the JOURNAL OF THE FRANKLIN INSTITUTE, July, 1950: *‘This, 
the first revision of Dr. Curtman’s book, provides an authoritative and up- 
to-date course in semimicro qualitative analysis the choice of he 
lems is very good for they are directly applicable to the laboratory work and 
are sufficiently varied to _—_ the student with a complete understanding 
of the principles involved. The material in the section se to theory is 
——- impressive in its completeness, and it provides a much needed 
oundation for the advanced work of quantitative analysis and physical 
chemistry the author most certainly accomplishes his purpose of closely 
coordinating theory and laboratory work. Curtman’s book is excellent and 
stands as one cf the best in its field.”’ 


from the JOURNAL OF CHEMICAL EDUCATION, September, 1950: ‘‘The 
instructor who wants a reliable laboratory manual can choose this book with 


confidence.’’ 1950—$3.50 


CALCULATIONS OF 
QUANTITATIVE ANALYSIS 


Philip West e Louisiana State University 


from DOUBLE BOND, January, 1949: ‘‘A clear, concise and simple presenta- 
tion of the calculations of quantitative analysis with a wealth of illustrative 
examples, as well as practical — from laboratory and industrial ap- 
plications, is contained in this book. The work is presented in such a man- 
ner that the beginner in quantitative analysis can quickly gain enough ex- 
perience to give a mathematical interpretation of the chemical data obtained 
through his experimental work. It is a convenient, useful and quick reference 
tool for the chemist as well as an excellent text for the beginner.’’ 1948— 


$2.75 


PRE-MEDICAL PHYSICAL CHEMISTRY 


F. A. Matsen, Jack Meyers, Norman Hackerman 
University of Texas 


from EXPERIMENTAL MEDICINE, November, 1949: *“This book originally 
meant for Pre-medical students, can be recorded as an excellent college book, 
but because it is not too complicated in its diction and does not ask for 
too many mathematical and physical requirements it seems very suit- 
able to serve every physician who is interested in the scientific progress in 
medicine.’’ from ARCHIVES OF BIOCHEMISTRY, January, 1950: **This 
small volume provides a concise and modern view of those chemical prin- 
ciples which have had application in biology and medicine. The exposition 
is clear and direct, the fate si of ideas is logical and coherent. There 
is an excellent compromise between an elementary and not-too-mathematical 
approach with rigorous and exact statement.’" 1949—$4.75 


The Macmillan New York, N.Y. 
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* TRADEMAR NALYTICAL EAGENTS 


4 ae aes Y @ The chemist is one of the world's most exacting buyers. He has to be... 
ANALYTICAL REAGENT 3 


; his work often depends wholly upon the purity of the laboratory chemicals 
e he uses. That's why more chemists than ever before choose from the over 
400. Mallinckrodt Analytical Reagents. 


1 LB. 
WORK 


MALLINCKRODT CHEMICAL WORKS 

Mollinckrodt St., ST. LOUIS 7, MO. 72-Gold Street, NEW YORK 8, NY. 
Chicago * Cincinnati * Cleveland * Los Angeles 
Philodelphia * San Francisco * Montreal * Toronto 


Vwrite FOR THE MEW ANALYTICAL REAGENT CATALOG — LISTING OVER 400 AR'S 
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A recent survey* among 50 high schools indicated that 
PYREX® brand Test Tubes outlasted other brands 2 to 1. 
Why? Simply because PYREX brand glassware stands 


more physical and thermal shock besides remaining 
chemically inert in the presence of acids and many alka- 
line solutions. 
PYREX BRAND TEST TUBES—twenty-two standard It all adds up to economy for you. Breakage is reduced, 
replacements cut. So whether you need test tubes or other 
types of laboratory ware, always ask for PYREX brand 
and save money. Your laboratory dealer stocks it for you. 


**Which Test Tubes Shall We Buy’’ — W. S. Lapp — Science Teacher 
Vol. XVII, No. 3, October 1950 


PYREX BRAND FUNNELS— All kinds—fluted, plain, 
PYREX BRAND THISTLE TUBES—wWith uniform long stem, short stem, big diameter, small diameter, and 


molded bodies—a choice of heavy or extra heavy stemless, all ruggedly fabricated from the chemically 
walled tubes. stable and heat resistant PYREX Brand glass 7740. 


CORNING GLASS WORKS, CORNING, N. Y. 
VISIT THE NEW CORNING GLASS CENTER 
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FOR ACCURATE 
CONTROL 


The Beckman Model G pH Meter provides fast and 
accurate pH measurements in field, plant or labo- 


ratory. Readings can be made from 0 to 14 pH—and 

reproduced—to an accuracy within 0.02 pH unit. 

The instrument is entirely self-contained. Its circuit 

is based on a null-zero balance of the voltage 

developed at the electrodes against the variable 

voltage of a precision slide wire potentiometer. 

The condition of balance is continuously indicated, 

permitting rapid adjustments. Maximum 

sensitivity is reached at null point. Accuracy 

is independent of the mechanical properties of a 
registering meter. 


Model G can be used also for electrometric titrations 
and oxidation-reduction potentials. Built-in 
temperature compensation automatically corrects for 
temperature over the range 10° to 40° C. 


Glass electrodes to meet extreme conditions are 
available for use with Model G. For example, 

type E glass electrode permits accurate readings in the 
alkaline range pH 9-pH 14. Measurements up 

to pH 11 may be made without error in 1 normal 
sodium ion concentrations. Ele¢trodes are avail- 

able for micro quantities, high temperature use, etc. 


Write for circular MP 584 describing Refinery Supply Company 
the Beckman G Meter and pH Electrodes. Tulsa—Houston 


CENTRAL SCIENTIFIC COMPANY 


Scientific Instruments +* Laboratory Supplies 


1700 Irving Park Road, Chicago [3 


HICAGO NEWYORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVE 
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Enthusiastically received! 


... for the intensive basic course 


CHEMISTRY. OF 
ORGANIC COMPOUNDS 


... for the standard basic course 


TEXTBOOK OF 
ORGANIC CHEMISTRY 


By Carl R. Noller 


Professor of Chemistry, 
Stanford University 


“Dr. Noller’s Chemistry of Organic Compounds is accurate and well organized, and 
it contains a great deal of information of the classical descriptive type. In these 
respects it is at least the equal of any of the several other excellent texts now 
available. In regard to explanations of mechanisms, and in general theoretical 
presentations, the book is in a class by itself. It contains material that is avail- 
able otherwise only by extensive searching through current chemical literature. 
The book is being adopted as a text for the course in beginning organic chemistry 
at the University of Minnesota.” Dr. C. F. Koelsch, University of Minnesota. 


“Noller’s Chemistry of Organic Compounds seems to be about the best book that I 
have seen in this field. His discussion of theory and mechanism is the clearest 
that I have seen in an organic chemistry textbook. I especially like his order of 
presentation of the material.’” Dr. Peylon C. Teague, University of South Carolina. 


These comments pertain to the longer book, a comprehensive text 
designed for the intensive basic full-year course. The other, Tezt- 
book of Organic Chemistry, is a well-balanced abridgment—for use in 
the standard basic full-year course. We've heard equally nice things 
about it, too. 


Have you seen these interest-provoking texts? 


Chemistry of on ane Compounds Textbook of Organic Chemistry 


885 pages, 6” x 9! 


Vog 


Lan 


Me 


The 


”, illustrated. $7.00 643 pages, 6” x 914", illustrated. $5.75. 


W. B. SAUNDERS COMPANY! 


West Washington Square Philadelphia 5 
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ongmans 


Vogel 


Lang 


Cowie 


Mellor 


Thorpe 


PRACTICAL ORGANIC CHEMISTRY 


By Arthur Vogel, Woolwich Polytechnic, University of London. Second Edi- 
tion. December 1951. 1056 pages. Figures. $10.00. General and experi- 
mental techniques, aliphatic and aromatic compounds, miscellaneous reactions, 
organic reagents, dyestuffs and indicators, physiologically active compounds, 
synthetic polymers, qualitative organic analysis, and the literature of 
chemistry. 


FURTHER LABORATORY AND 
WORKSHOP NOTES 


Edited by Dr. Ruth Lang, for the Institute of Physics, London. January 1952. 
304 pages. 177 figures. 8 plates. $5.25. A second selection, reprinted 
from The Journal of Scientific Instruments (follows Laboratory and Workshop 
Methods, 1949, $4.25). Includes graphs and drawings, optical devices and 
techniques, devices for liquids and gases, furnaces, tools, vacuum and pressure 
processes and devices, electrical devices, and ancillary equipment and 
techniques. 


POTASH 


By G. A. Cowie. January 1952. 176 pages. 8 plates. $4.00. The pro- 
duction of potash and its place in crop nutrition; includes commercial potash 
deposits, potential sources, extraction, total production and consumption, re- 
lation of potash to soils and crops, diagnosis of mineral deficiencies, and 
requirements of various crops. 


COMPREHENSIVE TREATISE on Inorganic and 
Theoretical Chemistry 


By the late J. W. Mellor. Sixteen volumes, 1922-1937. About 1000 pages 
each. Sold separately. Each, $20.00. This well-known treatise contains 
complete descriptions of all inorganic compounds, covering a larger range of 
facts, described in greater detail, than can be found in any other work in 
English. 


DICTIONARY OF APPLIED CHEMISTRY 


Fourth Edition edited by Sir Ian Heilbron, Chairman of Editorial Board. 
Twelve volumes. Ten volumes (1937-1950) now published; about 900 pages 
each. Vols. I-X, $20.00each. Vol. XI (Soil—-Zymurgy), ready Summer 1952. 
Vol. XII (Index) in preparation. The Fourth Edition of this useful and re- 
liable Dictionary has been completely rewritten by acknowledged authorities. 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 
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Check these distinetive 
LEN advantages... 


Continuous 51/2” scale—covers full range of pH 
0 to 14... readable to +0.02 pH. 


Electrode system—takes any suitable type... 
but circuit especially designed for high resistance 
glass electrode systems. 


Grounded or ungrounded solutions—can be 
checked with equal ease and accuracy. 


Only 2 controls, 1 switch—standardization and 
temperature-millivolt controls . . . zero switch. 


4 voltag g 0 to +700, 0 to —700, 0 to 
+1400, and 0 to —1400 mv... for redox work 
and Karl Fischer Titration measurements. 


Fast warmup—not more than 1 minute. 


Short response time—1.5 seconds . . . for most 
readings. 


Jrl Ad EM9-96(1) 
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ANNOUNCING 
L&N pH indicator 


LEEDS 


New L&N pH Indicator. Equip 
ment includes: line-operated py 
Indicator and Electrode Holdy 
Assembly. Indicator case, of 
grey-enameled aluminum, meq. 
ures 10%)” x 10%” x 8%", 


eliminates range changing 
¢e readable to within+0.02 pH 


This converter-type pH Indicator offers remarkable 
stability. Embodying important refinements in circuit 
design, it is unaffected by normal fluctuations in line 
voltage... or by zero drift of the amplifier. 


In lab or plant—you'll appreciate the many advan- 
tages of this new instrument. The few required ad- 
justments are simple to make. Single, continuous pH 
0 to 14 scale eliminates range changing ...a big help 
when you're working near pH 7. And you can read 
to within +0.02 pH...on either grounded or un- 
grounded solutions. 


Key to stability: the Indicator incorporates the high 
quality shielded converter developed for our Speedo- 
max electronic recorders. Its circuit employs d.c. to 
a.c. conversion, a.c. amplification, and conversion 
back to d.c. for voltage feedback. Conversion sta- 
bilizes zero. Feedback stabilizes gain. 


For details—send for Folder EM9-96(1). Write 4976 
Stenton Ave., Phila. 44, Pa. 


NORTHRUP 
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fariable Range of apeed 


Sparkless 
Induction Motor Eliminates 
the Explosion Hazard from 
Brush Contacts 


Speed Controlled by a Watt Governor, Eliminates 


Rheostats, Gears, or Friction-Drive Discs 
Thrust Ball Bearings 


Insure Long Life, Contin- 
uous Running 


eee for use with 
Uniform Power Output explosive materials. 
@eeese 


5230. NON-SPARKING MOTOR STIRRER. This motor 
stirrer is efficient and perfectly controlled. The motor is of 
the induction type oat fe having no brushes, eliminates one of 
the greatest dangers of explosion found in all other stirrers 
when used over such solvents as ether, alcohol, benzine, ace- 
tone, etc. The motor runs on the regular 60-cycle, 110-volt 
A.C. circuit, has practically the same power input at bigh or 
low speeds and will not burn out if stalled. A binding post 
is provided on the support rod of the motor and is thereby 
electrically connected through the motor shaft to the stirrer 
so that the latter can serve as the rotating anode in electrolytic 
analysis. 


This is not a friction drive outfit, the stirring rod being 
direct-connected to the motor shaft by means of a chuck 
which takes any size shank from 0 to 6.5 mm. and can be 
very tightly adjusted with the fingers. The speed of the 
motor is delicately controlled over a range from 200 to 1500 
R.P.M. by means of a governor contained in the housing and 
activated by means of a very positive screw adjustmeat. The 
speed range is, therefore, from a minimum as low as ever de- 
sired up to the maximum speed of the motor. While the 


to 1,500 R. P. M.) 
with this Welch Laborator’ 


Especially adapted 


Stirrer 


speed is manually controlled through the setting of the ad- 
justing screw, the particular construction of the governor 
makes this speed control for a given setting automatic in that 
a decrease of speed (which might be due to an increase in vis- 
cosity of the liquid as the stirring progressed) brings the 
governor weights further in, thus reducing the friction be- 
tween the control surfaces and automatically speeding up the 
motor. The reverse would be true in case the resistance to 
the stirring were suddenly or gradually lowered. In all other 
stirrers employing either the friction disc or the worm gear 
drive, there is no constancy of speed when variations of the 
eyed voltage or variations of the load occur. 


” The motor shaft is provided with thrust ball bearings, both 
top and bottom. The motor and governor have no wearing 
parts and the outfit will last for years. By arranging the 
angle of the motor shaft the stirring can be accomplished in 
any position desired. Each, $37.00 
5230A. NON-SPARKING MOTOR STIRRER. Similar 
to No. 5230 but for 220-volt, 60 cycle A.C. circuit. A “ste 
down” transformer from 220 to 110 volts is provided in the 
lines. Each, $47.50 
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T 1s number leads off with an unusual article which requires some comment and 
explanation. Written by several members of the Russian Academy of Sciences 
and evidently inspired from some still higher source, it lays down the “‘line” for con- 
sideration of the theory of resonance which it attacks so vigorously. The existence 
of this paper, in the original, has been referred to several times in the scientific and 
popular press, but we think it is such a remarkable document that it should be pub- 
lished in English where chemists in general can read it. Its significance, for chem- 
ists all over the world as well as in Russia, will be apparent; we need point no moral. 
It can well serve as a basis for many a lesson in scientific philosophy: what is the 
nature and the proper function of a theory, how shall a theory be regarded, when 
shall it be discarded and why? 

While the resonance theory of the structure of organic compounds is generally 
accepted as useful, at least by chemists in this country, still there are many con- 
scientious objectors, some of whom will doubtless raise their objections on what will 
be considered sound scientific grounds. In publishing this article we do not believe 
we are furnishing such objectors with any very strong weapons. 

For those who may wish to read a short summary of the purpose and content of 
this article before plying into the details, we suggest the first two paragraphs of 
section III, on page 4, and the last paragraph in this section, at the bottom of page 8. 

Following this article, on page 13, have been added some sections from another 
article with the same purpose as the preceding but without such official prestige. 
These excerpts indicate, perhaps even more clearly, the basis of this whole attack. 

We are greatly indebted to Dr. Irving Bengelsdorf for making this material 
available in English. 
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Tur second half of the nineteenth century was 
marked by the greatest event in the history of organic 
chemistry—the creation of the chemical structural 
theory by the Russian scientific genius Aleksandr Mi- 
khailovich Butlerov. This theory from the moment of 
its origin, and throughout its entire subsequent develop- 
ment has been and still is the firm foundation of all 
organic chemistry and the sure guide for all the re- 
searches of organic chemists. The creation of the struc- 
tural theory led to an exceptionally rapid and vigorous 
efflorescence of organic chemistry, and to the develop- 
ment of organic chemical industry indissolubly con- 
nected with such growth. 

The essential content of Butlerov’s teaching is the 
assertion that the chemical structure of molecules is 
real, and that the chemical properties and mutual rela- 
tions of compounds are caused by their chemical struc- 
tures. Butlerov wrote: “Starting with the idea that 
- each of the component chemical atoms of a compound 
participates in the formation of the latter, and there 
exerts a definite and specific quantity of chemical force 
(affinity), I designate as chemical structure the distri- 
bution of the action of this force by which the chemical 
atoms, indirectly or directly influencing one another, are 
united into a chemical particle’ (/). And further: 
“If, at the present time, we attempt to determine the 
chemical structure of a substance, and if we succeed in 
expressing that structure in our formulas, then such 
formulas will (to a certain though imperfect degree) be 


? Report of the Commission of the Institute of Organic Chemis- 
try of the Academy of Sciences, U.S.S.R., for the investigation 
of the present state of the theory of chemical structure; ap- 
proved for publication by the Scientific Council of the Institute 
of Organic Chemistry of the Academy of Sciences, U.S.S.R. 
The Bureau of the Division of Chemical Sciences of the 
Academy of Sciences, U.S.S.R., has deemed it desirable that 
further discussion of this problem he transferred to the pages of 
the journals, [zvestiya Akademii Nauk S.S.S.R. Otdelenie Khimi- 
cheskikh Nauk (Bulletin of the Academy of Sciences U.S.S.R., 
Division of Chemical Sciences), Zhurnal Fizicheskot Khimii 
(Journal of Physical Chemistry), and Zhurnal Obshchet Khimii 
(Journal of General Chemistry). 

? Translator’s note: The transliteration of all Russian names 
in this article is in accord with the current usage of Chemical 
Abstracts. 

*From Uspekhi Khimii (Progress of Chemistry), 19, 529-44 
(1950). 

* Present address: California Institute of Technology, Pasa- 
dena, California. 
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rational formulas. In this sense, only one rational for 
mula is possible for each compound, and, when ‘the 
general laws governing the dependence of chemical prop. 
erties on chemical structure have been derived, this 
formula will express all of these properties’’ (2). 
Butlerov’s concept of chemical structure, as given 
above, proves indisputably that he is the actual and sol 
author of the structural theory, and that his views 
differ sharply from those of Kekulé and Couper, who 
saw in structural formulas only the reaction formulas of 
compounds or the means of systematizing such sub- 
stances. Kekulé’s thought was expressed in the follov- 
ing words: “Just which of the different rational for- 
mulas is to be used in particular cases is essentially a 
question of the purpose pursued. The grounds for the 
assumption of different rational formulas for one and 
the same compound cannot be discussed on the basis 
of present-day concepts. Of course, it should be kept 
in mind that the rational formulas are only reaction for- 
mulas and are not structural formulas {underlined by 
Kekulé—Authors®]. They are nothing but expressions 
for the reactions of substances and for the comparison 4 
various substances with one another; by no means can 
they express constitution, that is, the relative positions 
of the atoms in the corresponding compounds’”’ (8). 
The role of Butlerov in the creation of the structural 
theory is characterized by the great Mendeleev as fol- 


lows: “Butlerov, by his study of chemical reactions, 
seeks to penetrate to its very depth the nature of the 
bonds which firmly unite the various elements into one 
whole; he recognizes that each of these elements has 
the inherent capacity to enter into a certain number of 
compounds; and he attributes the different properties 
of these compounds to differences in the method of 
bonding the elements. These ideas had not previously 
been developed so consistently by anyone, although 
they had vaguely appeared earlier. However, they ap- 
peared either as the fragmentary account given by 
Couper, or as the views of a number of scientists (e. ., 
Kolbe) who wished to ignore Gerhardt, and as the ex- 


pressions of men like Kekulé, who, believing in no theo-§ 


retical concept at all, considered the subject solely from 
the point of view of systematics”’ (4). 


5 Translator’s note: In the copy of Kekulé’s book which was 
consulted (see literature cited) only the words “rational for 
mulas” are italicized. 
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The structural formulas suggested by Couper and 
nowadays accepted in organic chemistry afford a good 
method of depicting chemical structures. It would, 
however, be entirely incorrect to equate the idea of 
chemical structure with the method of writing structural 
formulas. As the preceding citations show, the idea of 
chemical structure is much broader and deeper than the 
idea of the sequence and multiplicity of the bonds be- 
tween the atoms in the molecules depicted by structural 
formulas. Butlerov, himself, attached no decisive sig- 
nificance to the method of writing structural formulas, 
thinking, ‘What matters is not the form but the es- 
sence, the concept, the idea”’ (7). 

Many scientists, however (among them regrettably 
also certain Soviet scientists) do not comprehend the 
full depth of the Butlerov idea of chemical structure; 
they reduce it to a scheme for writing structural for- 
mulas. These scientists, of course, perceive neither the 
true function of the structural theory in the develop- 
ment of organic chemistry nor the great role of its 
creator, Aleksandr Mikhailovich Butlerov. 

The structural theory, in the 90 years of its existence 
—from Butlerov’s day to ours—has followed a complex 
path of development. This development has been 
brought about by surmounting the many contradictions 
which have come to light during the investigation of or- 
ganic compounds and their mutual relations. One 
very important contradiction of this kind was the dis- 
crepancy between the number of possible isomers pre- 
dicted at the time by the structural theory, and the 
number actually discovered. In some instances, the 
number of isomers found was greater than the number 
predicted by the theory; this situation led to the origin 
and development of stereochemistry. In other in- 
stances the discrepancy was in the other direction; and 
this fact led to the (recognition of the) phenomenon of 
tautomerism. It should be noted that Butlerov was 
also the first to state not only the idea of the spatial 
arrangement of atoms in molecules but also the idea of 
reversible isomerization at equilibrium. : 

In the earlier stages of the development of the struc- 
tural theory there were formulated the “law of residues 
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or radicals’ and the “‘law of type reactions.”’ The first 
of these characterized the stability (7. e., the invari- 
ance) of parts of the molecules (particularly their carbon 
skeletons) in chemical reactions. However, experi- 
mental investigations revealed the completely relative 
nature of this law. Numerous rearrangements con- 
flicting with it were discovered; and the concept of the 
immutability of radicals was supplanted by a concept 
describing their stability and variability. In the de- 
velopment of the doctrine of rearrangements, Russian 
scientists played a prominent role. Here should be 


named A. M. Butlerov, V. V. Markovnikov, E. E. 
Vagner, A. I. El’tekov, N. Ya. Dem’yanov, A. E. 
Favorskif, N. M. Kizhner, S. S. Nametkin, and others. 

The law of type reactions required that a definite set 
of chemical properties (established by experiment) 
should correspond to each functional group—that is, to 
But experi- 


each structural element of the molecule. 


mental investigation also showed the completely rela- 
tive nature of this law. It was Butlerov, and later 
on particularly his outstanding student V. V. Markov- 
nikov, who created the doctrine of the mutual influence 
of atoms in molecules. In this theory it was shown 
that the type reactions of each functional group, that is, 
each structural element in the molecule, are not invari- 
ant. How completely they are manifested and what are 
their specific properties depend on the character of all 
the atoms in the molecule, even of those not immedi- 
ately attached to the functional group in question; 
moreover, these manifestations in reactions depend on 
the number, mutual relations, and character of the 
bonds, etc.—that is, in the last analysis, on the chemical 
structure of the molecule as a whole. However, the 
nature and mechanism of the mutual influence of 
atoms on one another was inexplicable in Markov- 
nikov’s day, and his problem has been for many years 
(even up to our times) an outstanding problem in theo- 
retical organic chemistry. 

The introduction of the concepts of multiple bonds, 
aromatic properties, and conjugated systems, as well as 
the discovery of free radicals and many other such 
changes were great events in the development of the 
structural theory. They often necessitated changes 
and improvements in the concept of chemical structure. 
Occasionally, they required the repudiation of certain 
firmly rooted and universally adopted theoretical no- 
tions, e. g., the notion that carbon in organic com- 
pounds is always tetravalent. 

The structural theory, thus developed by the sur- 
mounting of contradictions, has always rested on 
Butlerov’s basic ideas about chemical structure. The 
remarkable works of the prominent Russian chemists 
V. V. Markovnikov, A. M. Zaitsev, M. I. Konovalov, 
N. D. Zelinskil, N. Ya. Dem’yanov, N. M. Kizhner, 
L. A. Chugaev, A. E. Favorskil, A. N. Bakh, and many 
others have contributed greatly to the development of 
this theory. Moreover, structural theory has served as 
the scientific basis for industrial organic chemistry, the 
development of which, in turn, has enriched the theory. 
The structural theory, in the course of its development, 
has been transformed into a unique and harmonious 
theoretical system embracing all organic chemistry. 
It has an unsurpassed power to predict the possible 
types of chemical compounds, isomer numbers, and the 
chemical properties of organic substances. This struc- 
tural theory, based on and firmly relying upon experi- 
ment, is deeply materialistic; it faithfully reflects the 
laws of organic chemistry which exist objectively and 
are dialectic in their nature. 


II 


At the end of the sixties of the last century, Dmitrif 
Ivanovich Mendeleev made the most significant dis- 
covery in the history of science, the periodic law of the 
chemical elements. In place of a chaos with an in- 
definite number of diverse and independent chemical 
elements, there appeared an orderly system reflecting 
the dialectic unity of these elements. The entire 
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subsequent development of chemistry and physics has 
been guided by an ever-deepening understanding of the 
essence of Mendeleev’s periodic law. On the basis of 
this law and the discovery of the electron (end of the 
nineteenth century) there have been developed a theory 
of the structure of the atom and a theory of valence. 
This period is characterized by the first attempts to use 
electronic concepts in chemistry. Among the pioneers 
in this movement were L. V. Pisarzhevskii, Ya. I. 
Mikhailenko, and M. Berkengeim, the last of whom 
most consistently developed the applications of elec- 
tronics to organic chemistry. Further development of 
electronic concepts in organic chemistry has been based 
on the current theory of electrovalent and covalent 
bonds. The physical foundation for this theory is sup- 
plied by quantum mechanics. 

It is characteristic of the last three decades that, in 
this period, physical methods of investigating com- 
pounds have steadily penetrated deeper and deeper into 
organic chemistry. It cannot be said that organic 
chemists did not even earlier use physical methods for 
investigating organic substances. However, in the 
early stages, the determination of physical properties 
played only an auxiliary part in the researches of chem- 
ists. The chief purposes of such determinations were to 
identify compounds or to confirm the conclusions 
reached by chemical research. In the new stage, in- 
vestigation by physical methods has acquired ever 
greater significance as a means of determining the struc- 
tures of molecules—in the narrow sense of that term. 
That is, it is a means of determining the positions of 
atoms in space (valence angles, interatomic distances, 
etc.). It is also used to determine the polarities of in- 
dividual bonds and of the molecule as a whole, the fre- 
quencies of vibrations, and many other properties. 

At the same time that organic chemistry was per- 
meated by physical methods of investigation the sub- 
ject was also infiltrated by new concepts created by the 
progress of experimental and theoretical physics in the 
twentieth century. One of the most important of these 
is the concept of valence electrons responsible for the 
realization of the chemical bond. Chemistry originated 
and developed the concept that the covalent bond is 
formed by a pair of valence electrons. This concept 
was in turn borrowed by the physicists, and in this way, 
by mutual influence and permeation, the current theory 
of the chemical bond was created. Thus the remarkable 
prediction of the great Lomonosov was vindicated. He 
wrote, ‘These two sciences are so united that, without 
the other, neither can exist to perfection’”’ (4). 

The characteristic peculiarity of the present stage in 
the development of chemical structural theory is the 
permeation of this theory by quantum physics and 
quantum chemistry—most of all by Pauli’s principle 
and the corpuscle-wave concept of the nature of the 
electron, a concept which has become the basis of 
contemporary scientific views on the nature of the 
chemical bond and the structure of matter. This 
present stage is an important step toward that under- 
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standing of the “general laws governing the dependen 
of chemical properties of bodies on chemical structure’ 
about which Butlerov wrote. 


III 


The decisions of the Central Committee of VKP(b)! 
in regard to ideological problems and the sessions of the 
VASKhNIL’ have mobilized Soviet scientists for the 
solution of the problem of a critical analysis of the 
present state of theoretical concepts in all fields of 
knowledge and the struggle against the alien reactiop. 
ary ideas of bourgeois science. 

The crisis of bourgeois science (connected with the 
general crisis of the capitalistic system) has manifeste 
itself in the theoretical concepts of organic chemistry 
now being developed by bourgeois scientists. The 
have led to the appearance of methodologically faulty 
concepts which are slowing down further scientific de 
velopment. 

Characteristic, for bourgeois chemists, are an insul- 
ficient appreciation, as well as an incomplete under 
standing and a perversion of the Butlerov theory o 
structure. They replace Butlerov’s concept of chemical 
structure by the structural formulas themselves. The 
theory of chemical structure is interpreted in a purely 
formal and entirely non-Butlerovian spirit; in fact, the 
name of Butlerov as the creator of the structural theory 
is usually not mentioned at all. This tendency is ob 
served in almost all of the works of bourgeois organic 


chemists (books of Meyer-Jacobson, Richter-Anschiits, 
Holleman, J. Schmidt, Karrer, and the Fiesers). A 
statement by Hiickel in his famous work, ‘“The Theo 
retical Basis of Organic Chemistry’? may serve as 4 
striking illustration of the formal interpretation and 
the perversion of the true sense of the chemical strue- 
tural theory. ‘Introduction of the methane type into 
mixed types led to the concept of the coupling of like 
atoms. This concept was expressed more clearly in the 
Couperian method of writing formulas than it was in the 
formulation by types. Hence the Couperian formulas 
soon supplanted the other less convenient formulas such 
as those of Kekulé and Loschmidt. According to this 
scheme, each atom in the molecule has a number d 
dashes corresponding to its valence number; and all 
the dashes of all the atoms in the molecule must be 
joined to one another; none may be free. In order to 
present this idea visually, the concept of hooks on the 
atoms was borrowed from the atomic theory. When 
atoms are joined, two hooks are coupled and are repre 
sented by a dash”’ (6). 

The insufficiently appreciative and formal treatment 
of the Butlerov theory of chemical structure is equally 
manifest in works dedicated to special problems con- 
cerning chemical bonds and the structure of molecules. 


6 Translator’s note: 
Partiya (Bol’sheviki). All-Union Communist Party (Bolsheviks). 
7 Translator’s note: Vsesoyuznaya Akademiya Sel’ske 
Khozyaistvennykh Nauk Imeni Lenina. All-Union Lenin 
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Thus, in Stuart’s book, ‘“The Structure of Molecules,” 
there is not a word about Butlerov’s theory. The new- 
est books on the theory of organic chemistry, those of 
Pauling, Wheland, Branch, and others, suffer from the 
same general defect. Here too, the structural theory is 
only formally interpreted, and the name of Butlerov is 
not mentioned at all. 

Thus the true idea contained in Butlerov’s theory of 
structure is being perverted, and the materialistic con- 
cept of chemical structure (as an objective reality) is 
being replaced by formal schemes which clear the way 
for idealistic concepts. At the same time, there occurs 
a tendentious falsification of historical facts, the es- 
sence of which is the belittlement of the importance of 
Russian science. 

The utterances of bourgeois scientists are also charac- 
terized by features of philosophic pragmatism. Thus, 
Pauling has the following definition of the chemical 
bond and of the molecule: ‘‘We shall say that there is a 
chemical bond between two atoms or groups of atoms 
in case that the forces acting between them are such as 
to lead to the formation of an aggregate with sufficient 
stability to make it convenient for the chemist to con- 
sider it as an independent molecular species’ ((7), p. 
15, English ed., p. 3). In this treatment the objective 
criterion of the reality of the molecule and of the 
chemical bond vanishes. Since the definition of the 
molecule and of the chemical bond given by Pauling is 


methodologically incorrect, it naturally leads, when 
logically developed, to absurd results. 

In a number of other places in Pauling’s book, the 
“eonvenience’’ of the use of some concept is likewise re- 
garded as a sufficient basis for the introduction of that 
concept into science (7) (for example, p. 22). 

In the twentieth century, the basic defects of bourgeois 
thought in the field of natural science are a “physical’’ 
idealism and (particularly) a mathematical fetishism. 
“Reactionary aspirations are being bred by the progress 
of science itself. The wide advance of the natural sci- 
ences, the approach to uniform and simple elements of 
matter, the laws of motion which can be mathematically 
treated produce the oblivion of matter by mathema- 
ticians. ‘Matter disappears,’ equations alone remain. 
At this new stage of development, and in a quasi-novel 
fashion there reoccurs the old Kantian idea that the 
mind orders the laws of nature’’ (V. I. Lenin, Volume 
14, p. 294, 4th ed.). 

In theoretical chemistry this “‘physical”’ idealism is 
particularly evident in the theory of resonance de- 
veloped by Pauling, Wheland, and some of their fol- 
lowers. In this theory, on the basis of a formal inter- 
pretation of one of the possible methods for the approxi- 
mate calculation of molecules, there has been created a 
concept of ‘‘quantum-mechanical resonance structures” 


i (as though it existed as a physical phenomenon); this 


is then widely used for the “explanation” of real facts 
and relationships. This is done in the following man- 
ner: The wave function YW (which describes the state 
of the molecule) is approximately represented by a sum, 


to each member of which is ascribed the meaning of a 
definite chemical structure. It is then asserted that 
the “resonance” of these “‘structures’”’ causes the real 
state of the molecule. 

Thus a new concept of so-called “resonance struc- 
tures’ is introduced into chemistry. These structures 
are considered as though they existed; in the words of 
the theory of resonance, in each molecule they “are in a 
state of superposition.” All the properties of the 
molecule and even the fact of its existence are prede- 
termined by the character of these resonance struc- 
tures and their superposition. Thus “resonance struc- 
tures” and the resonance between them are the chief 
“discovery”’ of the theory of resonance. 

Careful consideration of the resonance theory shows 
that there is no actual basis for the introduction of 
“resonance structures’ into science. This concept is 
connected, as pointed out above, with a particular mode 
of interpreting the separate wave functions, the linear 
combination of which serves as the approximate mathe- 
matical description of the state of the molecule. If 
other approximate methods of calculation are used, 
“resonance structures’’ and ‘‘resonance’’ do not arise at 
all.’ 

As shown by the above discussion, the basic assertion 
of the resonance theory that ‘‘resonance”’ in some way 
can determine the properties of molecules is devoid of 
meaning. The entire immense body of factual ma- 
terial at the disposal of organic chemistry gives no 
reason to suspect, even in a single instance, that 
resonance structures exist or that there is any resonance 
between them. Hence, to introduce into science the 
concepts of “resonance structures” and their “reso- 
nance’ has neither experimental nor theoretical justifica- 
tion. This fact is a striking example of the estrange- 
ment of idealistic theory from practice. 

Evidently, the lack of foundation of the principles of 
the resonance theory is recognized by its author, Paul- 
ing. This conclusion follows from the fact that, in his 
reasoning, he attempts to build under this theory at 
least the semblance of an experimental basis. How- 
ever, as is well known, chemistry does not confirm the 
fundamental tenets of the resonance theory. There- 
fore, Pauling takes the stand that methods for detecting 
resonance structures do not yet exist. In his book, 
“The Nature of the Chemical Bond,’’ he writes, ‘The 
difficulty for benzene and for other molecules showing 
electronic resonance is to devise an experimental test 
which could be carried out quickly enough and which 
would distinguish among: the structures under discus- 
sion” ((7), p. 413, English ed., p. 429). This quotation 
shows that in Pauling’s opinion resonance structures 
and resonance have an objective existence. As a matter 
of fact, however, neither the separate resonating struc- 


8 We do not here consider the question whether the separate 
components of the function ¥ have, in general, any physical 
sense, and if so what that sense is. This question is treated in 
our present literature (see, for example the article by N. D. 
Sokolov) (8). 
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tures nor resonance exists in the molecule. It is per- 
fectly clear that the problem of isolating Pauling’s 
resonance structures is senseless. 

From what has been said, it follows that the con- 
cepts introduced into science by the idea that resonance 
structures are physical phenomena are also fictitious. 
Among these is (for example) the notion of “resonance 
energy’’—a certain specific energy with its source in the 
“quantum-mechanical resonance structures.” For 
many organic compounds there is a deviation between 
the experimentally determined energy of formation and 
the corresponding energy calculated according to the 
additive scheme; this energy Pauling identifies with 
the energy of “‘quantum-mechanical resonance.’”’ In 
reality, however, these deviations from additivity can 
obviously never be caused by the nonexistent resonance 
structures. 

Pecularities in the reactivities of certain chemical 
compounds are also “explained”? according to the 
theory of resonance as being due to the presence of 
resonance structures in the respective molecules. 
Pauling announces that the chief purpose of his theory 
is to derive the properties of a real molecule from the 
“‘properties”’ of these structures. Thus, for instance, he 
writes ((7), p. 45, English ed., p. 36): “Whenever a 
question arises as to the properties expected for a co- 
valent bond with partial ionic character, it is to be 
answered by consideration of the corresponding 
resonating structures.”” On page 216 (English ed., p. 
217): “From the new point of view the phenomenon of 
conjugation is attributed to resonance between the ordi- 
nary structures and certain structures involving one 
less double bond... .””, On page 133 (English ed., p. 
130): ‘The stereochemical properties of the benzene 
molecule can be predicted from the concept of resonance 
between the two Kekulé structures.’”’ Many similar 
examples might be cited from Pauling’s book as well as 
from the books of his students and followers. In all 
these works, “resonance”. . . “leads to,” ‘explains,’’ 
‘causes,’ etc., certain properties of organic molecules. 

Thus, Pauling and his followers substitute for the real 
molecule a collection of resonance structures, and for 
the actual factors which determine the properties of 
molecules a nonexistent resonance between these 
structures. Characteristically, foreign authors of books 
on the theory of resonance, and particularly Wheland 
(9), hold idealistic Machian views. They consider 
resonance to be a “theoretical concept,’ and subse- 
quently they establish the “‘influence”’ of this resonance 
(i. e., of this concept) upon the properties of the mole- 
cules (p. 49). Such views are known to be fairly wide- 
spread among bourgeois scientists. 

The theory of resonance, in so far as it rests upon a 
methodologically false foundation, is undoubtedly a 
brake upon the further development of knowledge con- 
cerning chemical structure. Consistent use of the 
theory of resonance leads to pseudo-scientific conclu- 
sions and produces the semblance of a “scientific’’ ex- 
planation where essentially no explanation is given. 
Thus, the resonance theory hinders the creation of a 
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more general and quantitative theory of organic chem. 
istry. This conclusion is by no means refuted by the 
fact that many important and correct conclusions gp. 
cepted in present-day theoretical organic chemisty 
were originally formulated in the language of the 
resonance theory. It is quite wrong to suppose that ql} 
quantum-mechanical calculations about molecules ap 
a prerogative of the resonance theory. In reality, tha 
theory can lay claim only to the incorrect interprets. 
tion of such calculations. 

The theory of resonance, owing to its illusory ability 
to “explain” many facts incomprehensible to the organic 
chemist, has been widely accepted. In particular, C.K. 
Ingold, who shares the views of Pauling almost com. 
pletely, agrees with this theory. In this connection, jt 
should be observed that even before the formulation of 
Pauling’s theory of resonance, Ingold, in an attempt to 
explain the mesomeric effect (phenomenon of mesomer. 
ism, see part IV of this article), thought it necessary to 
find for that effect a special quantum-mechanical soure 
of energy which he called “the energy of perturbation.” 
As a matter of fact, this concept is identical with the 
concept of the “energy of resonance.’’ Ingold writes: 
“Thus, the specific and exclusive source of the energy 
required to determine the independence of the meso 
meric effect is identified as the energy of ‘perturbation’ 
depending upon a degeneracy.”’ And further: “The 
theory of electronic degeneracy in conjugate systems 
was independently developed in the works of Pauling... 
Pauling succeeded in evolving a method of treatment 
which, in principle, permits a comparative calculation 
of the energies of perturbation of conjugated unsat- 
urated hydrocarbons. The phenomenon thus described 
is called by Pauling ‘resonance’’’ (10). 

Thus, the explanation of the phenomenon of mesomer- 
ism given by Ingold coincides with Pauling’s concept of 
resonance. Similar statements may also be made about 
Eistert (11), Wheland (9) (pp. 12-17), and many others 
who use the term ‘‘mesomerism’’ in the same sense. 

Thus, we see that antiscientific idealistic concepts 
are very prominent in the theoretical ideas now being 
developed by bourgeois scientists in the field of organic 
chemistry. The bourgeois chemical literature is choked 
with books which pervert A. M. Butlerov’s theory of 
chemical structure and direct its further progress along 
a false path. 

It is regrettable that the faulty concepts of bourgeois 
science have also exerted an influence upon certain 
Soviet scientists. This influence is expressed, first of all, 
by an insufficient understanding and appreciation of 
the true content of Butlerov’s structural theory. Thus, 
in the foreword to the book by Ya. K. Syrkin and M. E. 
Dyatkina, ‘““The Chemical Bond and theStructureof Mol- 
ecules,” isthe statement: ‘Instead of the formal struc- 
tural theory of the nineteenth century or the primitive 
electrostatic concepts of the beginning of the twentieth 
century, we have at our disposal a more perfect physical 
theory which can serve as the point of departure for the 
further successful development of the theory of the 
chemical bond and of molecular structure’’ (12). And 
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further, on page 56: “The ideas of the structural theory 
gre exceedingly simple. It is sufficient to attribute one 
valence line to hydrogen, two to oxygen, three to nitro- 

and four to carbon; virtually all the experimental 
material of organic chemistry is embraced by this 
scheme.”’ 

Such: a presentation of the structural theory has 
nothing in common with the true content of that 
theory. This fact is not surprising; in the book re- 
ferred to, the name of Butlerov is not once mentioned. 
This perversion of the essence of the theory of struc- 
ture, and the ignoring of the name of its creator, is 
totally impermissible on the part of Soviet scientists. 

It should also be noted that certain Soviet scientists 
reproduce in their statements the perverted system of 
concepts belonging to the authors of the theory of 
resonance. In this respect, the book of Ya. K. Syrkin 
and M. E. Dyatkina “The Chemical Bond and the 
Structure of Molecules’’ may serve as an example. 

At several points in this book, the authors correctly 
indicate that the resonance structures do not actually 
exist in molecules. They write on page 73: “In reality, 
there is but one cloud in the molecule, and its resolution 
into three structures is nothing but an appeal to more 
simple forms.’’ However, on page 105, the authors 
write: “Consequently, both structures exist in each 
molecule. When the different structures are superim- 
posed, there is formed a transitional structure which 
here plays an essential part, as it does in the hydrogen 
molecule, by causing a lowering of the energy, 7. ¢., a 
stabilization of the system.’”’ In this way the authors 
here consider the ‘‘resonance of structures’ to be a 
physical phenomenon. The very large number of ex- 
amples of this kind in the book by Syrkin and Dyatkina 
attests the uncritical approach of these authors to the 
theory of resonance, their inconsistency, and the con- 
tradictions in their treatment of the most important 
problem in chemical theory. Moreover, the entire 
spirit of the book is permeated by ideas belonging to the 
theory of resonance. This theory is here offered as the 
last word of science, as the theory called upon to solve 
almost all the unsolved problems of organic chemistry. 

The authors, as a logical consequence of their er- 
roneous views, still further aggravate the defects in the 
theory of resonance by carrying out an “account and 
isolation of the transitional structure,’ which Pauling 
“left out of consideration’”’ (p. 248). The only reason 
for introducing a transitional structure is the fact that, 
in the square of the binomial expression (¥, + W,) 
there appears the term 2¥,V). 

In spite of the profound errors in the book by Ya. K. 
Syrkin and M. E. Dyatkina, ‘““The Chemical Bond and 
the Structure of Molecules,” this book was permitted as 
a textbook in chemical colleges. In this way, it aided in 
spreading the perverse idealistic theory of resonance 
among workers in the field of chemistry. 

Analogous errors appear also in the book by A. I. 
Kipriyanov, ‘Electronic Theory in Organic Chemis- 
try.” He writes: ‘By using the concepts of resonance 
and of the stabilizing effect of resonance on complex 


molecules, it has been possible to explain, at least quali- 
tatively, some properties of unsaturated and aromatic 
compounds which had not previously been understood”” 
(18) (p. 24). A. I. Kipriyanov throughout his entire 
book considers resonance structures to be phenomena, 
and asserts that such structures really exist. Thus on 
page 58: “The hydrogen bond is strengthened by the 
resonance between structures. . . ’’; on page 85: 
“They [the acid properties of phenol—Authors] are 
predetermined by the character of the resonance 
structures of the undissociated phenol. . .,”’ etc. 

Two statements by M. V. Vol’kenshtein may be cited 
as another example of theoretical inconsistency and an 
uncritical attitude toward the resonance theory. One 
(the correct one) occurs on pages 57-8 of his book (14): 
“Tn reality, of course, there is no resonance; the elec- 
trons in the molecules are in completely determinate 
states which, in principle, can be ascertained without 
discussing the states of free atoms and without men- 
tioning the purely speculative states VY, and ¥,, or the 
corresponding energies ¢, and ¢,. The second (the in- 
correct one) appears on page 106: ‘‘.. . the actual state 
of the molecule is the result of a superimposition of the 
individual structures, just as the state of an individual 
bond is the result of a superimposition of a homopolar 
and an ionic bond.” 

A series of further erroneous statements by other 
Soviet authors might also be cited. In these, the 
resonance of structures is regarded as a specific quan- 
tum-mechanical phenomenon. Particularly, in a series 
of papers by S. I. Lur’e (recently published in the 
Journal of General Chemistry under the general title 
“Investigations on the application of the theory of 
resonance to the chemistry of organic compounds’’) 
(15) the faulty concept of the resonance of structures as 
a physical phenomenon is supplemented by completely 
arbitrary considerations regarding the mechanism of 
chemical reactions. 

It should be noted that public opinion among the 
scientists of the Institute of Organic Chemistry of the 
Academy of Sciences, U.S.8S.R., did not attend to the 
disclosure of the defects of the resonance theory at the 
proper time. Furthermore, a number of the workers 
in the Institute of Organic Chemistry of the 
Academy of Sciences, U.S.8.R. (including some of 
the authors of the present article) have regarded the 
theory of resonance uncritically and have used it in 
some of their previous papers. Cases of this sort which 
merit particular reference are the employment of the 
resonance theory to explain the properties of quasi- 
complex compounds (A. N. Nesmeyanov, R. Kh. 
Freidlina) (16), of organometallic derivatives of anthra- 
cene (B. M. Mikhailov) (17), and of aromatic ethers 
(D. N. Kursanov) (18), as well as to explain the peculi- 
arities of the combination scattering spectra of ethylene 
derivatives (E. N. Prilezhaeva) (19). There is also an 
uncritical attitude toward the theory of resonance in 
the lecture course which M. I. Kabachnik gave for 
aspirants’ in the Institute of Organic Chemistry, and 

® Translator’s note: graduate students. 
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in the review which he published in the journal Uspekhi 
Khimii (Progress of Chemistry) (20). 

In many respects, work on the present article has 
helped its authors critically to review their ideas on the 
problem of the resonance theory, and has aided them to 
make more precise and to deepen their views on'all the 
other problems here touched upon. Those authors in 
whose works errors and inaccuracies with respect to 
these problems have been permitted, will reckon it their 
duty to correct such errors in subsequent publications. 

Until recently, criticism of the resonance theory by 
Soviet scientists did not reveal the basic methodological 
defects of that theory. Statements adverse to the 
resonance theory which were made by individual chem- 
ists were either directed against particular errors in that 
theory (V. N. Ufimtsev) or were made on false grounds 
(G. V. Chelintsev). Nevertheless, these statements 
played a certain positive role; they helped to fix the 
general attention of Soviet scientists on the necessity for 
a critical analysis of the resonance theory.!” 

G. V. Chelintsev’s views on the theory of resonance 
are expressed in his book (2/). There, the author justly 
criticizes the definition of the chemical bond and of the 
molecule given by Pauling. But the basic methodo- 
logical defect of the resonance theory—its “‘physical’’ 
idealism (see above)—is not mentioned in Chelintsev’s 
book. 

It is essential to note that G. V. Chelintsev incor- 
rectly identifies the theory of resonance with the entire 


10 In this article the Editorial Board has inserted a note" the 
incorrect and baseless character of which was acknowledged 
in the speech of the responsible Editor, speaking in the name of 
the Editorial Board during the discussion at the Institute of 
Organic Chemistry of the Academy of Sciences, U.S.S.R., 
Feb. 7, 1950.—Kditorial Board. 

11 Translator’s note: The note referred to above was inserted 
by the Editorial Board into Kabachnik’s 1948 review article on 
“Orientation in the benzene ring.” The translation of the note 
is as follows: 

“The Editorial Board deems it necessary to make the following 
remarks on the correlation of the resonance theory with the 
theory of electronic displacements. A chemist, no doubt, has 
the right to use some of the visual concepts of the latter theory. 
In so doing, he is justified not only by the extremely complex 
apparatus of the resonance theory, but also by the fact that this 
theory meets with many essential difficulties when the attempt 
is made to use it for the solution of concrete chemical problems. 
But although these theories are correlated, they cannot, in 
principle, be equivalent. On the contrary, one of them rests 
on the most general achievements of natural science, whereas 
the other is still a collection of artificial ad hoc models and 
mechanisms. Thus, when theattempt is made to bring the language 
and concepts of the two theories into mutual correspondence, 
the proper approach is as follows: those tenets of the theory 
of electronic displacements which can be made to correspond 
to the languzge of the resonance theory have the right to remain 
in the arsenal of chemical methods; those tenets, however, which 
can be shown to contradict the language of the resonance theory 
must be excluded from that arsenal.—Editorial Board.” 

12 Since the present article was discussed in meetings of the 
Scientific Council of the Institute of Organic Chemistry of the 
Academy of Sciences, U.S.S.R., on Feb. 3-7, 1950, articles by 
V. M. Tatevskii and M. I. Shakhparanov, by O. A. Reutov, and 
by V. M. Tatevskii have appeared in the press (28); these 
articles are omitted from the present discussion. 
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contemporary theory of chemical structure; hence his 
criticism of the resonance theory is mostly directed no} 
against that theory, but against all modern views 
about chemical structure. On the other hand, the ap. 
plication of wave mechanics and the introduction of its 
concepts into theoretical chemistry has further de 
veloped Butlerov’s theory and made it more concrete 
(see below). One of the principal points in G. 4 
Chelintsev’s criticism of the theory is his denial of the 
possibility that bonds may be delocalized.!* This view 
is in contradiction to firmly established experimentg 
facts; it distracts attention from actual criticism of the 
resonance theory. 

Evidently, to comprehend the nature of the chemical 
bond one must apply and take into account all the data 
of present-day chemistry and physics. In the “New 
Structural Theory’”’ proposed by G. B. Chelintsev, an 
attempt is made to construct a new theory of the 
chemical bond without taking these data into account, 
Chelintsev “simply’’ postulates in a very nebulous way 
that there exist only two types of chemical bond, “or. 
bital”’ and “contact.’’ By means of this innovation 
alone, he attempts to explain all the phenomena and 
regularities of organic chemistry. One of the postu. 
Jates of his theory is that, in any polyatomic molecule, 
each pair of valence electrons is “localized’’ either 
within a single atom (“contact bond’’), or between at 
most two atoms (“orbital bond’’); that is, each pair 
of electrons, independently of the other electrons, 
moves along a one- or two-electron orbit. This type of 
localization of electrons in definite “‘orbits’’ is, of course, 
incompatible with their wave properties. 

A theory built on incorrect basic assumptions natv- 
rally comes into conflict with experimental facts. Thus, 
for example, G. V. Chelintsev’s “contact formula” for 


benzene contradicts the presence of a symmetry center 
and the equivalence of the carbon atoms in the benzene 
molecule. Similarly, according to G. V. Chelintsev, the 
molecules of ethylene, butadiene, naphthalene, anthra- 
cene, and phenanthrene should have dipole moments, 
whereas actually they do not. It is easy to multiply the 
number of examples which show that the “new struc- 
tural theory” is inconsistent with generally known 
facts. A number of Soviet chemists have repeatedly 
called G. V. Chelintsev’s attention to these and many 
other unavoidable contradictions between the basic 
facts of physics and chemistry on the one hand and his 
postulates with their consequences on the other. It is 
significant that even the author himself does not apply 
his “new structural theory” in his writings. This 
theory should be rejected. 

Thus, until recently Soviet organic chemists had 
made no sound and poignant Party criticism of the 
idealistic concepts of bourgeois scientists in the field of 
organic chemical theory. It is urgently necessary to 


develop such criticism on the basis of Marxian-Leninist § 


methodology, and in so doing to use all the achieve- 
ments of present-day chemical science. 
13 Concerning the delocalization of bonds, see part IV. 
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IV 


One of the most important problems of theoretical 
organic chemistry is that of the mutual influence of the 
atoms in molecules. As early as 1861, A. M. Butlerov, 
in his formulation of the basic ideas of the structural 
theory, pointed out that the concept of chemical struc- 
ture includes the mutual influence of all the atoms in the 
molecule (see part I). 

The further development of the doctrine of the mu- 
tual influence of atoms is the achievement of Butlerov’s 
outstanding student V. V. Markovnikov, who demon- 
strated the exceptional importance of this problem. In 
1869, Markovnikov, in his famous dissertation entitled 
“Data on the Problem of the Mutual Influence of 
Atoms in Chemical Compounds” (22) wrote: ‘The 
problem of the influence of elementary atoms on the 
direction of the chemical reactions of a complex sub- 
stance is among the most intriguing problems of con- 
temporary chemistry. As already stated, it occupies 
more and more of the attention of chemists. This 
problem was destined to arise naturally as soon as the 
majority of chemists had assimilated the doctrine of 
chemical structure, for it is the direct continuation and 
further development ‘of that doctrine.” 

V. V. Markovnikov, like Butlerov, points out that “the 
character of the elements in a compound is determined 
not only by the elements directly bound to them, but also 
by those which are held in the same chemical system 
with them by some polyatomic element.” (22). Guided 
by the notion of the mutual influence of atoms, Markov- 
nikov studied various reactions of substitution, addi- 
tion, and dissociation. The famous ‘Rules’ which bear 
his name generalize the experimental results which he 
obtained. Markovnikov understood his “Rules” not 
as isolated regularities of organic chemistry but as 
particular manifestations of a general law the discovery 
of which he foresaw. ‘Once a certain store of facts has 
been obtained, it is possible to generalize and thus to 
predetermine the course of the reactions of a given 
limited group of compounds. But the time will come 
when these generalizations will merge into a single 
general law; and the direction of our investigations 
which is still more or less empirical will then change 
and it will be replaced by one based on strictly defined 
laws of the conversion of substances.”’ 

In the subsequent development of organic chemistry, 
the mutual influences of atoms and groups of atoms in 
molecules were found to be subject to numerous regu- 
larities. These were expressed in the appropriate and 
well-known rules of organic chemistry, for example the 
rules of orientation in substitution and addition reac- 
tions. The discovery of these rules made it necessary 
still further to develop and to amplify the theory of 
chemical structure. Jn this connection, one should 


note M. A. II’inskii’s ideas with regard to the possi- 
bility of splitting valences (23), L. A. Chugaev’s theory 
on the nature of complex compounds and their analogy 
to organic compounds (24), A. M. Berkengeim’s (25) 


theory of the electronic structure of organic compounds, 
and many others. 

In 1913 V. A. Izmail’skii (26) in his studies on color 
found certain facts concerning the mutual influence of 
atoms in the molecules of some organic dyestuffs. These 
facts were of such a nature that the chemical structures 
of the dyestuffs could not be expressed unambiguously 
by any conventional structural formula. At the same 
time, it was perfectly clear that the dyestuffs studied 
were individual substances and that they consequently 
had a definite chemical structure. 

The organic chemistry of the first two decades of the 
twentieth century is characterized by the accumulation 
of a considerable number of facts showing the mutual 
influence of atoms to be of such a nature that the actual 
structure of certain substances could not be described 
with sufficient accuracy by any conventional structural 
formula. Examples of this type have been shown to be 
specially abundant among aromatic compounds and 
compounds with conjugated double bonds. Investiga- 
tion of the structure of these compounds has enabled 
chemists to penetrate more deeply into the essence and 
the mechanism of the mutual influence of atoms. 

This same period is also characterized by the fact 
that at this time electronic concepts made their way 
into organic chemistry. The original object of the 
electronic theory in this field was to give an electronic 
interpretation of the chemical bonds in structural 
formulas. This stage of the development is note- 
worthy for new and important advances: discovery of 
the part played by electron pairs in the formation of 
various sorts of covalent bond; determination of the 
nature of the semipolar bond; explanation of the polar- 
ity of the covalent bond; etc. At a later stage, an 
attempt was made to interpret electronically the nature 
and the mechanism of the mutual influence of atoms and 
groups of atoms in molecules; also, the construction of a 
theory of reactivity was begun. Here the electronic in- 
terpretation was based on the theory of electron displace- 
ments. This theory in turn involved the positions (in 
Mendeleev’s periodic system) of the elements composing 
the molecule. Following Markovnikov, the effect of any 
atom in a molecule was evaluated by comparing the 
properties of a given substance with those of another 
compound in the molecules of which the place of the 
atom under consideration was occupied by a hydrogen 
atom. Various types and mechanisms of mutual atomic 
influence in molecules were systematized. The present 
state of the problem appears to the authors to be as 
follows. 

The mutual influence of atoms in a molecule can be 
propagated along an atomic chain in at least two ways. 
One of these, called the induction mechanism, is the 
characteristic form of propagation for o-bonds. Here 
the observable mutual influence of two atoms not 
directly connected with one another grows rapidly 
weaker as the number of intervening atoms is increased. 
This phenomenon may conceivably be caused by a 
deformation (displacement) of the electron cloud of the 
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o-bond which occurs when new substituents or new 
structural elements are introduced into the molecule, or 
when the molecule is subjected to the action of an ex- 
ternal field. 

The other method for the propagation of mutual 
atomic influence is characteristic for groups with z- 
bonds, especially for those with conjugated bonds; it is 
called the “‘tautomeric mechanism.”’ ‘‘Tautomeric’’ in- 
fluences, unlike inductive influences, extend throughout 
the length of the conjugated chain. This phenomenon 
may be caused by the fact that electron clouds can be 
considerably more deformed when they occur in z- 
bonds than when they occur in o-bonds. Consequently, 
in a system of conjugated 2-bonds, there is a character- 
istic and more or less far-reaching equalization of the 
density of the z-electrons along the entire chain of con- 
jugation; and hence the polarizability of the system is 
increased. 

It may be regarded as established that both of the 
mechanisms just discussed can be operative in a non- 
reacting molecule (so-called “static” effects) as well as 
at the moment of a chemical reaction (‘dynamic ef- 
fects’). Under the latter circumstances, the direc- 
tion and the extent of the displacement of elec- 
tron density are determined not only by the chemical 
structure of the molecule under consideration, but also 
by the character of the attacking reagent. 

The above sketch gives only a very general outline of 
the problem. Soviet chemists and physicists should 
collaborate intensively to develop a theory of the mu- 
tual influence of the atoms in the molecule. Here 
special attention should be paid to uprooting the 
remnants of the influence of the resonance theory. 

In the chemical literature the distribution of the 
electron density in a nonreacting molecule has been 
called the state of polarization (extent of polarization) 
of that molecule, and until recently the term polariza- 
bility has been applied only to a qualitative description 
of the distribution of the electron density under the 
action of an external field, or under the action of an 
attacking molecule at the moment of chemical reaction. 

Progress in the investigation of the mutual influence 
of atoms has made it possible to form a more complete 
idea of the chemical structure of those substances the 
structures of which are poorly represented by structural 
formulas of the conventional type. This class of sub- 
stances is composed principally of aromatic compounds 
and compounds with conjugated bonds. It has been 
found that, in molecules with conjugated bonds, the 
density of the electron cloud is distributed in a way 
which does not correspond to the distribution of the 
density when isolated single and multiple bonds are pres- 
ent. This phenomenon has been called, not very 
fortunately, the “delocalization of bonds.’’ In some in- 
stances (higher polyenes, naphthalene, etc.) delocaliza- 
tion causes a very considerable equalization of the 
bonds. In the extreme case (benzene), all the C—C 
bonds are equivalent and the valence states of all the 
carbon atoms are identical. 

Such peculiarities of chemical structure, particularly 
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in compounds with conjugated systems of bonds or 
aromatic nuclei, manifest themselves by heats of forma- 
tion higher than those calculated according to the addi- 
tive scheme, and also by the specific deviations of g 
number of other physical constants. These same 
peculiarities of chemical structure are also very clearly 
revealed by certain chemical properties, for instance by 
the specific properties of aromatic compounds. A re- 
remarkable property of compounds containing conju- 
gated systems is that, although these substances have 
no tendency to tautomerize, they react in two ways, 
Here, the reaction center is moved along the chain of 
conjugation. 

The concept of the conjugation of simple (¢) bonds as 
well as the conjugation of simple bonds with multiple 
bonds is now being developed by Soviet chemists. This 
constitutes a further advance in the theory of the mu- 
tual influence of atoms in organic compounds. 

Early in the thirties the first systematic treatment of 
electronic displacements was suggested by Ingold. He 
subdivided them into the following “effects’’: inductive 
(static induction), mesomeric (static tautomeric), in- 
ductomeric (dynamic induction), and electromeric (dy- 
namic tautomeric). In the chemical literature, the 
manifestation of the mesomeric effect has been called 
mesomerism. 

It has already been pointed out that the explanation 
of mesomerism given in the works of Ingold, Eistert, 
Wheland, and many others coincides with Pauling’s 
concept of resonance. It is clear from the account 
given here that the manifestation of the mesomeric 
effect as one of the forms of the mutual influence of 
atoms in molecules can by no means be regarded as 
identical with the nonexistent resonance of structures. 

It seems to the authors that the very term ‘‘mesomer- 
ism,’’ which has been widely interpreted in the spirit of 
resonance, might advantageously be replaced by some 
more precise term which has never been perverted by 
association with resonance structures. 

It should be noted that, in the minds of chemists, the 
term mesomerism is usually connected with a structure 
of an intermediate character. This idea should be 
understood as follows. Actually, when an organic chem- 
ist finds the mutual influence of atoms and groups of 
atoms to be manifested in characteristic chemical and 
physical properties, he rightfully compares the proper- 
ties of atoms and groups of atoms in the com- 
pound under consideration with the properties of the 
same atoms and groups of atoms in structurally related 
compounds. From the differences between these prop- 
erties, it is inferred that the distribution of electron 
density in the atom groups under consideration is inter- 
mediate with respect to the distribution of electron 
density in the corresponding atom groups of the com- 
pounds used for comparison. 

Thus, for example, the properties of the nitro group in 
nitrobenzene differ from the properties of the nitro 
group in aliphatic nitro-compounds on the one hand, 
and from the properties of the nitro group in the p- 
nitrophenol ion on the other. Again, the properties of 
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the benzene ring in nitrobenzene differ from the proper- 
ties of the benzene ring in benzene and from the proper- 
ties of the benzene ring in the p-nitrophenol anion 
(quinoid type). It is precisely in this sense that one 
may speak of the intermediate nature of the atom group 
under discussion. However, the concept just described 
(which is actually used by organic chemists and which 
was proposed by A. N. Nesmeyanov (29)) differs sharply 
from the concept of intermediate chemical structure as 
developed by Arndt (27), Ingold (10), Wheland (9), 
and others who compare the real molecule with fic- 
titious “saturated,” “unexcited,’’ etc. (essentially “‘res- 
onance’’) structures. 

The systematization introduced by Ingold (and by 
Robinson) has played a certain positive role inasmuch 
as it started the development of the current electron 
theory of the reactivity of organic compounds. How- 
ever, the explanations given by members of the English 
Chemical School (including Ingold) were connected with 
the methodologically false concepts already described. 
Hence they could not lead to a correct understanding of 
the mutual influence of atoms in a molecule. 

It should be noted that the Ingold systematization, 
even if supplemented by the idea of the conjugation of a 
double bond with an ordinary C—H bond, is still 
largely insufficient, since it is far from accounting for 
the diversity of the manifestations of the mutual in- 
fluence of atoms in molecules. In particular, this 
scheme of systematization does not account for all the 
chemistry of free radicals nor for homolytic reactions 
(reactions which are accompanied by the splitting of 
electron pairs). 

Since the terms of the electron theory have been in- 
terpreted in various ways by large groups of organic 
chemists, it is necessary, in critically examining the 
literature published during the last 10 to 15 years, to 
pay sharp attention and to distinguish the correct 
statements (based on experimental material, on the 
idea of the mutual influence of atoms, and on other 
correct propositions) from incorrect interpretations 
(based on the tenets of the resonance theory). 

It was pointed out above that ordinary structural 
formulas are not always adequate to express the idea of 
chemical structure in its Butlerovian depth. In par- 
ticular, the mutual influence of atoms in the molecule, 
especially of those which are not directly connected 
with one another, is not reflected by structural formulas 
alone. There is at present no fully satisfactory method 
of representing molecules so as to reflect either the in- 
fluence of atoms or (more important) the structure of 
activated complexes. Two methods have been sug- 
gested: (1) equipping the usual structural formulas with 
arrows to show the direction of electron displacements, 
and (2) using a set of structural formulas. Each of these 
methods has its advantages and its deficiencies. The 
principal deficiency of the first is that its descriptive 
possibilities are limited. The chief disadvantage of the 
second is that its use may suggest the idea that the 
molecule is polystructural in character, whereas in 
reality every molecule has just one definite structure. 
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The consideration just mentioned shows that a corre- 
sponding amount of discretion will be necessary from 
now on when sets of structural formulas are used for 
purposes of description. 

It ought to be especially stressed that it is necessary 
to devise a single method of representing molecular 
structures which will depict the mutual influences of 
atoms and will closely correspond to objective reality. 

At the time when electron concepts in organic chemis- 
try had been partially formulated, quantum mechanics 
made its appearance and was applied to the solution of 
chemical problems. A physical interpretation was 
found for D. I. Mendeleev’s Periodic Law and for the 
valences of the elements. A quantum-mechanical 
theory of the covalent chemical bond was devised, 
and the most remarkable property of this bond, its 
saturated character, was explained. The idea of a bond- 
ing pair of electrons, which had been previously de- 
veloped by chemists, was confirmed. Quantum me- 
chanics made it possible to give a qualitative treatment 
of directed valence and of the stereochemistry of atoms 
in their various valence states. 

The calculations used in quantum mechanics, despite 
their approximate character, reveal that the idea of the 
delocalization of bonds in aromatic and conjugated 
systems (which had previously been elaborated by 
chemists on the basis of experimental findings) agrees 
with the basic principles of contemporary physics. The 
founding of the theory of the transitional state (acti- 
vated complex) in chemical reactions (theory of abso- 
lute reaction velocities) should also be noted. The 
qualitative conclusions reached by means of this theory 
have been applied in organic chemistry. 

It should be emphasized that most of the approxi- 
mate calculations regarding organic molecules (provided 
that they are made by some method which, from the 
point of view of quantum mechanics, can be justified) 
quantitatively characterize the chemical structure of 
these molecules and take into account the mutual ef- 
fects of their component atoms. These calculations, de- 
spite their approximate character, may play a positive 
part in theoretical organic chemistry. 

A. M. Butlerov’s theory of chemical structure en- 
riched by the results of quantum physics is now suf- 
ficiently developed to permit it to undertake the solu- 
tion of numerous difficult and important problems in 
organic chemistry. Aromatic carbocyclic and hetero- 
cyclic compounds have been successfully treated. The 
idea of nucleophilic, electrophilic, and radical reagents 
has been used as the foundation for a theory of the re- 
activity of organic compounds. The foundation for a 
theory of substitution in the benzene ring has also been 
laid. A qualitative explanation has been found for the 
regularities which Markovnikov expressed in his Rules, 
and for the exceptions to these rules which are covered 
by the rules of Zaitsev and Krasuskil. A qualitative ex- 
planation has been given for the lability of hydrogen 
and other atoms in organic compounds; this lability de- 
pends on structural factors and on the nature of the sub- 
stituents. Moreover, the relation between the peculiar 
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properties of aromatic and conjugated systems and their 
planar structure has been qualitatively explained; for 
example, the differences between the chemical proper- 
ties of benzene and those of cyclo-octatetraene have 
been accounted for. New types of steric hindrance 
(suppression of the mutual effects of substituents in the 
benzene ring when these substituents are forced out of 
the plane of the ring) have been predicted and found. 
A deeper penetration into the interdependence between 
many physical properties and chemical structure has 
been attained. 

But theoretical organic chemistry, at its present stage 
of development, still badly fails to account for many 
known facts and relationships. Even today the elec- 
tron theory is still essentially qualitative, and this fact 
limits its applicability when the problem under con- 
sideration has a marked quantitative aspect. Many ex- 
perimentally established regularities among saturated 
compounds have not yet been theoretically explained. 
The theory of reactivity which involves the division of 
reagents into the nucleophilic, electrophilic, and radical 
classes is still in many respects insufficient. The prob- 
lems connected with the structure of an activated com- 
plex (transitional state in chemical reactions) have 
scarcely been touched. The problem of explaining 
theoretically the effect of the medium on the reactivity 
of organic compounds is also still in its initial state. 

Soviet chemists have made fundamental contribu- 
tions to the theory of chemical structure. The re- 
searches of N. D. Zelinskii and his students especially 
on organic catalysis and on the chemistry and con- 
tact reactions of hydrocarbons; of A. E. Faverskii and 
his students on acetylene and its derivatives; of S. V. 
Lebedev on polymerization; of A. N. Bakh on bio- 
chemistry; of P. P. Shorygin on high molecular and 
organometallic compounds; of L. A. Chugaev on com- 
plex compounds and terpenes; of N. Ya. Dem’yanov 
and M. N. Kizhner on alicyclic compounds; of A. P. 
Orekhov on alkaloids; of A. E. Porai-Koshits on dye- 
stuffs—these and many others are the pride of Soviet 
organic chemistry and of international chemical science. 

The high traditions of Russian organic chemistry are 
now being maintained by Soviet organic chemists who 
form an army many thousand strong. The aim of 
Soviet chemists in the field of organic chemical theory 
is to develop and perfect the Butlerov theory of chemi- 
cal structure, by overcoming the defects of the contem- 
porary electronic theory and creating a more general and 
quantitative electronic theory of organic chemistry. 
Here one important objective is a general solution of 
the Markovnikov problem (that is the problem of the 
connection between the chemical structure and the 
physical properties of organic compounds) and the con- 
struction of a more perfect theory of organic chemical 
reactions. 

In theoretical organic chemistry the problem before 
Soviet chemists is to generalize the voluminous ex- 
perience gained by the Soviet organic chemical industry 
and all those branches of industry served by organic 
chemistry, and to use the results obtained by the theory 


JOURNAL OF CHEMICAL EDUCATION 


in every way which may help to solve the practical 
problems in the establishment of Communism in our 
country. 

There is no doubt that Soviet chemists educated in 
the great traditions of the Russian chemical science 
founded by Lomonosov, Butlerov,and Mendeleev, armed 
with the Marxist-Leninist world outlook, and guided by 
the great party of Lenin-Stalin will successfully attain 
the objectives before them. 
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= ABOUT A MACHISTIC THEORY IN CHEMISTRY AND ITS 


PROPAGANDISTS' 


V. M. TATEVSKII and M. I. SHAKHPARANOV 
(Translated by Irving S. Bengelsdorf) 


Editor’s Note: Several extracts from the article of the above title are here pub- 
lished to accompany the preceding article. They are in the same vein and have the 
same purpose—condemnation of the theory of resonance as incompatible with the 
basis of Russian thinking. The aspect of this theory to which the Russians so vio- 
lently object is revealed in the following quotation from Wheland’s “Theory of Reso- 
nance and Its Application to Organic Chemistry’: 

“From the foregoing discussion we see that resonance is a man-made concept 
in a more fundamental sense than most other physical theories. It does not corres- 
pond to any intrinsic property of the molecule itself, but instead it is only a mathe- 


matical device, deliberately invented by the physicist 


venience.” 


It would seem that it is hence possible to draw a con- 
clusion concerning the great scientific significance of 
this theory. However, a critical examination of it does 
not lead to such a conclusion. On the contrary, analy- 
sis shows that the physical content of the theory of res- 
onance is erroneous and that the philosophical setting 
of its authors and propagandists is Machistic. The 
Machistic theoretico-perceptional settings of the theory 
of resonance can serve as one of the examples of those 
world outlooks hostile to the Marxist view. They lead 
bourgeois scientists and their followers to pseudo- 
scientific conclusions in the solution of concrete pbysical] 


and chemical problems. 


It is fully evident that the physical and philosophical 
bases of the theory of resonance are intimately con- 


1 From Voprosi Filosofii (Problems in Philosophy), 3, 176 (1949). 


or chemist for his own con- 


nected one with another. It could be incorrectly 
thought that this theory is simply a collection of 
physical errors not connected with the methodological 
tenets of its creators. It would be just as incorrect to 
think that the perverse philosophical outlooks have no 
relationship to the concrete contents of the theory. 
The reactionary world outlook, the atmosphere of 
general decadence and decay of culture, of art, and of 
science in the perishing bourgeois society gives rise to 
various Machistic theories which have lost contact with 
practice and do not reflect objective reality. The theory 
of resonance is one of these theories. 


Soviet society has the right to require a party ap- 
proach to the exposition of scientific problems from our 
publishers and from our authors—who are Soviet scien- 
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tists. This exposition must fully indicate, from the 
point of view of Soviet patriotism, the role of Soviet 
scientists in the elaboration of these or other scientific 
problems. 


Directing the attention of Soviet chemists along the 
fallacious path of the vicious theory of resonance, the 
authors,? in this manner, demobilize Soviet chemical 
science in its struggle to fulfill the basic tasks of the 
Soviet scientists—‘“not only to attain, but to excel, in 
the shortest time, the achievement of science beyond 
the boundaries of our country” (Stalin). 

Thus, it is quite obvious that Ya. K. Syrkin and 
M. E. Dyatkina have appeared before the Soviet public 
in the unenviable role of propagandists for the avowedly 
erroneous and vicious theory of the American chemist, 
Pauling. 

Have Ya. K. Syrkin and M. E. Dyatkina exhausted 
their blunders? Unfortunately, no. 

The State Scientific-Technical Publishing House, 
publishers of chemical literature, entrusted the trans- 
lation and editing of the book by Linus Pauling* to Ya. 
K. Syrkin and M. E. Dyatkina. 

It would have been natural to expect that the trans- 
lator and editor of the book would consider the philo- 
sophical premises of L. Pauling, so that they could 
analyze the connection between the Machistic views of 
Pauling and the content of the resonance theory which 
he preaches. 

Instead of that, Prof. Ya. K. Syrkin wrote a lauda- 
tory preface to Pauling’s book. In this bulky volume 
there is not even one reference to the papers of Russian 
or Soviet scientists. One might have expected that the 
translator and editor, fighting for the honor of Soviet 
science, would have tried to fill this gap in the preface, 
and in the footnotes. In the preface, however, Prof. 
Ya. K. Syrkin does not mention a word about this. 
Moreover, the footnotes which Syrkin gives at the end 
of the book substantially represent references to papers 
of American and English chemists which Pauling omit- 
ted in his book. 


Let us return to the book by G. W. Wheland,* which 


2? Syrkin and Dyatkina (‘“The Chemical Bond and the Structure 
of Molecules” )—Ed. 

? L., Nature of the Chemical Bond,” State 
Scientific-Technical Publishers of Chemical Literature, Moscow- 
Leningrad, 1947. 

4 WHELAND, G. W., “The Theory of Resonance and Its Appli- 
cation to Organic Chemistry,’”’ State Publishing House of Foreign 
Literature, Moscow, 1948. 
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was edited by Ya. K. Syrkin and translated by M. B, 
Dyatkina in 1948. The philosophical positions of 
Wheland have already been characterized above. Whe- 
land openly preaches a Machistic thesis of the specula- 
tiveness of physical theory. 

Wheland, as a loyal servant of the reactionary bour- 
geoisie, does not mention a word, of course, about the 
papers of Soviet scientists. Among the numerous refer., 
ences to the papers of bourgeois scientists, Wheland, 
however, does not forget to cite the efforts of Chichi- 
babin (who left and failed to return) and to cite the 
papers of the former White Guard Kistyakovskil. In 
the preface to Wheland’s book, Prof. Ya. K. Syrkin 
writes: 

‘‘Wheland’s book suffers from a defect peculiar to 
many other books by American and English authors. 
Wheland ignores Soviet papers. And yet, however, 
Soviet scientists are responsible for substantial papers in 
theoretical organic chemistry. Numerous papers on 
these subjects can be found by the reader in the scien- 
tific-technical Soviet publications.” 


Permeated with a Machistic and cosmopolitanistic 
ideology, by a slavish uncritical attitude toward bour- 
geois science and a contemptuous attitude toward na- 
tive science, the book by Ya. K. Syrkin and M. E. 
Dyatkina diverts Soviet chemistry from the solution of 
practical problems, in the direction of the bankrupt and 
sterile theory of resonance. The publication of this 
book, as well as Pauling’s and Wheland’s monographs, is 
a serious error committed by the publishers of chemical 
and foreign literature. The Ministry of Higher (Uni- 
versity) Education, which has admitted the Machistic 
and cosmopolitanistic book by Ya. K. Syrkin and M. E. 
Dyatkina to serve as a study aid for the chemical facul- 
ties of the universities, has also committed a great error. 
An analysis of the theory of resonance demonstrates 
how carefully and critically one must approach not only 
the philosophical, but also the general theoretical prin- 
ciples of reactionary scientists in capitalistic countries, 
in all fields of science. 

There is no doubt that progressive Soviet chemistry, 
by maintaining the glorious tradition of the great Rus- 
sian chemists, Lomonosov, Mendeleev, Butlerov, and 
Markovnikov, and by leaning on the only scientific 
world outlook (the world outlook of Marx-Engels- 
Lenin-Stalin), by discarding and exposing the pseudo- 
scientific theories of bourgeois scientists, will attain, in 
the near future, new progress in the development of a 
theory of chemical structure and in the solution of the 
most important problems of theoretical chemistry. 
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THE USE OF LIGHT SCATTERING FOR DETER- 


MINING PARTICLE SIZE AND MOLECULAR 
WEIGHT AND SHAPE 


Everyone is familiar with the visible beam in a dark 
movie or vaudeville house or visible sun rays through 
clouds, especially on a hazy day. In both cases, the 
rays or beams are visible because of particles of dust and 
fog in their path, scattering the light. Since the par- 
ticles are sufficiently large in size, and abundant, 
enough scattered light comes at an angle from the 
beam to the observer so that the path of the original 
beam can be followed. 

The phenomenon of scattering is basically one of dif- 
fraction. However, at the larger particle sizes where 
the particle diameter is equal to and greater than the 
wave length(s) of the incident light, a definite propor- 
tion of the scattered light is the result of reflection also. 
Scattered light has, for the most part, the same wave 
length as the incident light and, therefore, cannot be 
explained as an ordinary fluorescence. 

Light scattering has been used for quite some time to 
distinguish qualitatively between colloidal dispersions 
and ‘“‘true”’ solutions (Faraday-Tyndall effect). Never- 
theless, the present trend is to interpret quantitative 
values connected with the light itself in terms of 
molecular weight and shape. Useful information is ob- 
tained by measuring relative intensity, depolarization, 
and angular distribution of the scattered light, and 
analyzing these quantities in terms of the electromag- 
netic theory of radiation and the kinetic theory of 
matter. 

The range of molecular or particle sizes over which 
such calculations have been applied is tremendous. 
At the small end of the scale, Cabannes checked Avo- 
gadro’s number with calculations based on his (Ca- 
bannes’) quantitative measurements of the intens- 
ity of light scattered by argon (3), and Debye and 
co-workers (4) checked the molecular weight of sugar 
in similar fashion. On the other end, weight and shape 
properties of particles as large as the wave length of 
light have been estimated. 

Much work has been done with respect to the quanti- 
tative interpretation of the light scattered by solutions, 
but considerably more research is necessary with many 
systems before full and accurate information can be de- 
rived. For instance, the relationships and information 
now available on light scattering usually are based on 
the suspended matter’s being in the iso-disperse state; 
yet most of the systems one is concerned with are 
hetero-dispersed and serious complexities are therefore 
introduced. Also, allowances must be made for solute 
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concentration. The systems described in the litera- 
ture are dilute. Often it would be more desirable to 
study the disperse phase at higher concentrations, but 
drastic modifications would probably have to be made in 
interpreting the measured properties of the scattered 
light. It is true that one could dilute a given suspen- 
sion before examining it, but one is not then sure of 
how the state of aggregation has been affected thereby. 


FARADAY-TYNDALL EFFECT 


If the particles in suspension are at least of colloidal 
dimensions and the difference in refractive index be- 
tween solute and solvent is sufficiently great, the path 
of a beam of light through the solution can be discerned 
without recourse to special technique, whereas it can 
hardly be seen in a true solution. This effect is known 
as the Faraday-Tyndall phenomenon named after 
Faraday and Tyndall, who first made use of this 
phenomenon in their researches. The Tyndall beam is 
diagrammed in Figure 1. 
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True Colloidal 
Solution Solution 


Figure 1. Path of the Tyndall Beam through Solutions 


By observing certain collidal sols with the microscope 
as they exhibited the Faraday-Tyndall effect, Zsig- 
mondy found that the individual particles of the sol 
were discernible through their halos even though they 
were too small to be actually resolved microscopically. 
He used this discovery to gain an insight of the size of 
colloidal particles. The procedure is indirect and the 
results obtained are rough, but this has been of great 
importance in furthering the knowledge about colloid 
systems. The concentration of particles was estimated 
by counting the halos in a given volume of the suspen- 
sion illuminated at an angle of 90° to the line between 
the observer’s eye and the suspension, and the weight of 
material in suspension per unit volume was determined 
by drying down the sol after dialysis to remove elec- 
trolytes. Then, with a knowledge of the density of the 
substance, Zsigmondy calculated the average radius of a 
particle, using the formula: 
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where r is the radius in em., c is the grams of solute in 1 
ec. of suspension, s is the density of the solute in grams 
per cc., and n is the number of particles per cc. Mo- 
lecular weight M would be: , 


M = <N (2) 


where N = Avogadro’s number, 7. e., 6.02 * 10?8. 
The instrument developed by Zsigmondy for carry- 
ing out the measurement of n is known as the ultra- 
microscope. Light from a carbon arc is focused as a 
fine slit of given width and thickness in the sol which is 
contained in a cell on the stage of the microscope. 


SMALL ISOTROPIC PARTICLES 


Rayleigh Concept (3, 13, 17) 

Lord Rayleigh pointed out in 1871 that light scatter- 
ing by particles small compared with the wave length of 
light was basically a diffraction phenomenon and not 
caused by refraction, reflection, or fluorescence. 

Upon encounter of an isotropic particie of sufficient 
optical density, with a beam of light, the electrons of the 
particle, being charged units, are caused by the incident 
electromagnetic impulse to vibrate in unison with it, an 
oscillating electric moment thus being induced in the 
particle. These oscillating electrons are the sources of 
the scattered (or diffracted) light which for the most 
part has the same frequency as the exciting wave. 

Scattered light is given off from the particle at every 
angle and the incident beam is weakened in intensity 
accordingly. Since the vectors of the induced electric 
moments are parallel to those in the exciting beam, there 
will be variations in intensity of the scattered light, de- 
pending on the angle at which it emanates from the 
particle. One result is that the light scattered at right 
angles to the incident beam will be plane polarized 
irrespective of the state of polarization of the incident 
beam. 


Figure 2. Relative Intensity of Scattering (1 + cos? 6) about a Small 
Isotropic Particle 


Rayleigh derived, mathematically, a relationship be- 
tween the scattered proportion of the incident light, its 
wave length, the particle size, and the optical proper- 
ties of the scattering suspension. It involved considera- 
tion of the electromagnetic moment (or polarization) 
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resulting in the particle when exposed to the incident 
light, and expression of this in terms of refractive index 
by use of the relationship between polarization and the 
index of refraction. Equation (3) represents a form of 
this relationship. Note that the limitations are small 
isotropic spheres in dilute suspension, the radius being 
no greater than '/y the wave length of the incidenj 
light. The incident light is unpolarized. 


(m? — 1\?2 


“%” represents the intensity of that light energy 
scattered per unit volume of solution at a given angle § 
with the proceeding incident beam (7. e., the angle be- 
tween the primary and the scattered or secondary 
beams being viewed), the intensity of the incident beam 
being Io. “‘ie”? may be designated by its components of 
polarization 7; and zz. ‘‘n’’ equals the number of par- 
ticles per cc. and its inclusion in the formula gives the 
proportionate light scattering in terms of 1 cc. rather 
than one particle. ‘V”’ corresponds to the volume of a 
particle. Note that with this factor squared, the in- 
tensity of the scattered light is proportional to the sixth 
power of the radius of the particle. This shows the 
tremendous effect of particle size on light scattering and 
one can readily understand why it is essential in light- 
scattering experiments to eliminate all large extraneous 
particles like dust which scatter much light even though 
they are present in a relatively low concentration. 

“‘m’’ is the ratio of the refractive index of the particles 
to that of the solvent. ‘d” is the distance between the 
observer and the scattering system and is simply the 
usual factor of spherical propagation of energy. 

“\’” represents the wave length of the light falling on 
the particles, 7. e., the wave length in the solvent 
medium. This is calculated from the wave length in 
vacuum (A) by dividing \ by the refractive index (yo) of 
the solvent. Note that with \’ raised to the fourth 
power, the intensity of the scattered light will be 
markedly affected by the magnitude of the wave length 
and there will be much greater scattering (i¢/Io) of the 
shorter blue wave lengths as compared with the longer 
red wave lengths. It was by means of this relationship 
that Rayleigh was able to account for the blueness of 
the sky. 

The term (1 + cos? @) defines the geometry of the 
range in which both components of the incident (unpol- 
arized) light are scattered. “‘1,”’ the unity term, per- 
tains to the scattering (7,) of that component of the 
incident light whose direction of vibration is perpen- 
dicular (or vertical) to the plane containing the illumina- 
ting source, the scattering particle and the observer's 
eye. It is propagated uniformly in all directions by the 
vibrating particle. The cos? @ refers to the scattering 
(iz) of the other component of polarization, whose direc- 


tion of vibration is in the plane (horizontal component). § 


It is seen that when @ is 90°, 72 becomes zero. 

Figure 2 illustrates the relative intensities of both 
components of polarization in the scattered light indi- 
vidually as well as combined. The particle is at the 
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origin 0 and the intensity of scattering at a given angle @ 
with the incident beam (Jo) is proportional to the 
straight line between 0 and the curves pertaining to the 
component(s). ‘“%;’’ is represented by the thin con- 
tinuous curve and 72 by the dotted curve. The heavy 


continuous curve pertains to 7; plus 72, namely ig. 


The Debye Treatment 

Highly Dilute System (4, 7). In determining molec- 
ular weight (M) for systems of small isotropic particles 
at high dilution, it is more convenient to work in terms 
of the attenuation of the incident beam by the scattering 
solution. This extinction due to scattering or tur- 
bidity (7), as it is called, can either be directly measured 
or evaluated from scattered light intensity (4) and the 
need for considering d as included in equation (3) is 
thereby eliminated. 

When light (of initial intensity Jo) passes through a 
medium in which particles of solute are in suspension, 
it will lose intensity depending on the degree of scat- 
tering. This can be set up in the form of an expression 
similar to that of Beer’s law, 7. e.: 


(4) 


where x is the distance along the beam in the solution. 
The proportionality constant 7 naturally depends on 
the number and size of the scatterers in the solution and 
therefore can be described on a similar basis as the 
Rayleigh concept. For the case of the light which is 
scattered at 90° with the incident beam, and which, as 
has already been pointed out, is plane polarized (7. e., 
the cos? 6 term in equation (3) is zero), 7 is expressed 
by Debye (4) according to equation (5):. 
— (6) 
where » and po are respectively the indices of refraction 
for the solution and solvent. ‘‘d”’ is the wave length of 
the light in vacuum and n is the number of solute par- 
ticles per cc. The molecular weight M is introduced 
into this expression through n, namely by replacing n 
by its equivalent cN/M, c being the grams of solute per 
ec. and N the Avogadro number. Since (u — wo)/c is 
sensibly constant for most substances at the low solute 
concentrations now under consideration, it becomes pos- 
sible to write that the turbidity divided by the concen- 
tration is a constant. This is represented by equation 
(6): 

Note that the constancy is represented by the 
product of the molecular weight and a factor H defined 
according to (7): 


(7) 


In finding the molecular weight of a given solute at 
given concentration in solution, the turbidity has to be 
determined. Since this is generally quite small for the 
solutions under consideration, 7. e., the decrease in 
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intensity undergone by the incident beam on passing 
through the solution is usually difficult to measure, light 
scattering measurements at 90° are resorted to. ‘“‘H” 
is determined from a knowledge of the wave length of 
the incident light and the solution concentration, and 
the measurement of refractive index difference between 
solution and solvent. This difference is very small, so 
differential refractometer technique must be used. 

Higher Concentrations (3, 4, 8). At higher concen- 
trations in a system of small isotropic particles the rela- 
tionship (6) breaks down. The particles are no longer 
that far apart that they can be considered as independ- 
ent scatterers. A given amount of destructive inter- 
ference results and the turbidity tapers off from its 
linearity with the concentration. This is illustrated by 
the shape of the curve in Figure 3. 


C (G./CC.) 


Figure 3. Turbidity versus Concentration of Aqueous Sucrose Solu- 
tions. Curve Calculated from Osmotic Pressure Data. Points Deter- 
mined by 90° Scattering. Debye (4) 


Actually, at sufficient proximity for small enough 
particles which are at fixed and regular distances from 
one another, 7. e., the crystal lattice, no light is scat- 
tered except parallel to the incident beam owing to the 
complete interference of the scattered wavelets. How- 
ever, the particles under consideration are in Brownian 
movement and the randomness of their relative loca- 
tions, present and future, is dictated thereby. The 
greater the degree of Brownian movement, the greater 
will be the degree of local inhomogeneities and there 
will be less interference of scattered rays. 

This concept of local inhomogeneities was considered 
by Smoluchowski (1/4, 15) in explaining the great inten- 
sity of molecular scattering observed for liquids near 
their critical temperatures (critical opalescence). Ina 
liquid, where the molecules are in continuous Brownian 
movement, it becomes conceivable that in a sufficiently 
small element of volume, the number of molecules in it, 
7. e., the density of this element, will vary from instant 
to instant. In terms of the whole liquid, density fluc- 
tuations occur, these fluctuations being greater the more 
intense the Brownian activity. This, in general, is a 
maximum at the critical temperature where the light 
scattering is at its maximum. At the same time it is 
found that the isothermal compressibility coefficient 8 
is proportional to the scattering, it also is increasing 
enormously in the vicinity of the critical point (Caban- 
nes (3)). 


Br. 
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Einstein’s (8) work in this field pertained to the exact 
calculation of the amount of light scattered laterally by 
the opalescent material. For pure liquids: 

1)*k7TB (8) 


8x3 

“‘e)” is the dielectric constant of the liquid and kT is 
the product of the Boltzmann constant and the absolute 
temperature. 

Einstein applied the theory of thermodynamic fluc- 
tuations to solutions where now the fluctuating inhomo- 
geneities in the solute, 7. e., concentration fluctuations, 
become important. These fluctuations avoid destruc- 
tive interference of the scattered light which occurs 
especially when the particles are close together (higher 
concentrations). It is evident that the greater the con- 
centration fluctuations (the more intense the Brownian 
movement) the less the interference and the greater the 
scattering. In writing an expression for the turbidity 
at higher concentrations, he paralleled the nonlinearity 
between 7 and c¢ with the nonlinearity between the 
osmotic pressure P (which depends on the Brownian 
movement intensity) and c also at higher concentra- 
tions. His general relation for the turbidity due to the 
solute in a suspension is: 

32x? yo? (cOu/de)* (9) 
3 Nato ( 
oc\ RT 
R being the gas constant. 

Note that equation (9) reduces to equations (6) and 
(7) at the low concentrations where the relationships 
are linear. Namely, van’t Hoff’s ideal osmotic pres- 
sure law holds while 7 is proportional to c, and the 
coefficient Ou/Oc is sensibly constant so that it can be 
designated by (u — uo)/c. 

At the higher concentrations now under considera- 
tion, Debye, in making equation (9) workable, still 
treats the refractive index-concentration  coeffi- 
cient as constant. In order to resolve the coefficient 


2(F) he employs the osmotic pressure formula: 


which is more representative of conditions at higher 


concentrations than the van’t Hoff relation. “B” is a 
constant depending on the solvent. 
Accordingly, equation (9) takes the form: 
c 1 
HE = 5, + 2Be (11) 


with H represented by equation (7). ‘‘7’’ and H are 
evaluated as already described in the case of highly 
dilute systems. 

Note the straight line relationship between c/7 and c. 
““M”’ can be evaluated from the intercept of the line 
with the c/r axis. Figure 3 (4) is illustrative of the 
accuracy obtainable with equation (11). The points 
are actual turbidity measurements, and the curve has 
been calculated using osmotic pressure data. A 
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molecular weight value of 380 was calculated for the 
sucrose from the turbidity measurements. This differs 
only by 10 per cent from the actual value which is 342, 


SMALL ANISOTROPIC PARTICLES (3, 4) 


As is often the case, the particles under consider- 
ation, although small, are anisotropic. Whereas the 
polarization induced in isotropic particles is independ- 
ent of direction in the particle, the tendency in aniso- 
tropic particles is for the electric moments not to be of 
the same magnitude in all directions but to be influenced 
by the shape of the particle. As a result, the light 
scattered at 90° with the incident beam will have a cer- 
tain percentage of the other component of polarization 
in it, resulting in a given amount of depolarization. 

Since the total amount of scattering (at 90°) for an 
anisotropic particle is greater than that for an isotropic 
particle of the same molecular weight, corrections must 
be made in the turbidity light-scattering measurements 
obtained for the purpose of determining molecular 
weight. Debye (4) multiplies molecular weights (of 
anisotropic particles) by a factor based on Cabannes’ 
(3) work. The relation given by Cabannes to show the 
additional scattering due to anisotropy is: 

6(1 + 
6-7 


(12) 
“5” is the fraction of depolarization in the light scat- 
tered at 90° with the incident unpolarized beam. It 
(p) represents the ratio in the scattered light of the 
horizontal component of polarization (that component 
corresponding to the cos? @ term in the Rayleigh equa- 
tion) divided by the vertical component (that com- 
ponent corresponding to the unity term). 

The depolarization increases with the degree of 
anisotropy, and therefore it becomes possible to esti- 
mate the extent of deviation from isotropy by depolari- 
zation measurements. It is interesting to note in this 
connection that calculations show that the maximum 
depolarization which can be theoretically obtained from 
a particle small compared with the wave length of 
incident light, and which is an infinitely thin rod, is 50 
per cent. Depolarization is 0 per cent for argon and 
12.5 per cent for nitrous oxide. Aromatic compounds 
show greater depolarization than do corresponding 
aliphatics. Depolarization increases as one goes from 
ethane to ethylene to acetylene. 


LARGER PARTICLES (1, 2, 11, 12) 


When particles are greater than '/2A in at least one 
linear dimension, their light scattering no longer con- 
forms to the relatively simple Rayleigh principle where 
the particle is regarded as a single dipole. The quanti- 
tative explanation is much more complicated since not 
only does each particle act as a multisource of scattered 
wavelets which tend to destructively interfere with each 
other, but also multipolar electric and magnetic fields 
become set up in the particle. As a result, the propor- 
tion of the incident beam scattered no longer varies as 
the sixth power of the radius (or major axis of the mole- 
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i 
135° 
Py, 
To 190° ° 0° 
ail 
225° 
270° 315° 


Figure 4. Relative Intensity of Scattering about Isotropic Particle of 
_—Radius almost 0.134. m = 1.25. Blumer (2) 


cule), nor inversely as the fourth power of the wave 
length, these exponents decreasing in magnitude with 
larger particle size. 

The scattering will now not have twofold symmetry, 
as illustrated in Figure 2, even if the large particle is 
spherical. Due to the difference in relative light paths, 
there will be more light scattered in the direction for- 
ward to the incident beam than backward because there 
are greater phase differences between the backward 
components and therefore the destructive interference 
is greater. Figure 4, which is based on calculations by 
Blumer (2), illustrates such difference in directional 
scattering occurring for a spherical particle of radius 
almost 0.13). 

As in Figure 2, the particle is located at the origin 0 
and the relative intensities of the scattered components 
i; and 72 at a given angle (@) with the incident beam are 
represented by the straight line distances between the 
origin and the continuous and dotted curves respec- 
tively, at the angle under consideration. The ratio of 
refractive index of particle to solvent is 1.25. 

With increasing particle size, the light scattering 
diagram of a particle becomes much more complicated. 
Maxima and minima of scattering not only appear, but 
become more complex. Figure 5 illustrates maxima 
and minima for a spherical particle whose radius is 
almost 0.65. The large forward area of scattering is 
not shown. 

These complexities in the pattern of intensities of 
scattered light about the particle increase as the refrac- 
tive index of the particle relative to the solvent in- 
creases. Also, deviation of the particle shape from 
sphericity results in a more complicated pattern. 

The maxima and minima of scattering by large par- 
ticles show up at different angles (6) depending on the 
incident wave length. Thus, when the incident light is 
white, given colors will be apparent at given angles and 
these bands will be more sharp the higher the degree of 
mono-dispersity of the suspension. This method of 
Tyndall spectra was used by La Mer and his co-workers 
(1, 11, 12) in investigating relatively iso-dispersed sulfur 
sols. 


Mie Calculations—Spheres (13). It is only for 
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spheres that formulas have been developed, which, by 
considering the multipolar electrical and magnetic 
effects occurring in the larger particles on exposure to 
light, relate the amount of light scattered to particle 
size, wave length of the incident light, and refractive 
index. 

These formulas are due to Mie and consist of series 
expressions in which the coefficients are functions of the 
ratio (m) of the index of refraction of the particle and 
of the solvent, and the parameter (a) based on the par- 
ticle radius (r) and the wave length of the incident light 
in the solvent medium (\’), 7. e., a = 2xr/d’. The 
series are the sum of the contributions to the scattering 
by the electric and magnetic multipoles of the oscillat- 
ing electrical charges in the particle. When the 
spheres are large and their refractive index relative to 
the solvent is appreciable, the calculations become very 
difficult. 

For spherical parti¢les having an index of refraction 
no greater than 1.33 times that of the solvent and a size 
not larger than 1/5 of the wave length of the incident 
light, only the contributions to scattering by the electric 
dipole moment (a;), the electric quadripole moment 
(a2), and the magnetic dipole moment (p;) are appreci- 
able, and the scattering can be represented sufficiently 


accurately by equations (13): 
a (a2 + pr) 
. 2 eos 
L2 


a2 2 
cos 6 20 + (13) 


where 


2— 1) —a® (m? — 1) 


(m 
a, 2a a2 6 (m? + 3/») 


(m? + 2) 
and 
— 


“4,” and iz are the intensities per cc. of the polarized 
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Figure 5. Relative Intensity of Scattering about Isotropic Particle of 
Radius almost 0.65. m = 1.25. Blumer (2) 
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components of the scattered light as already mentioned 
in connection with the Rayleigh equation, the incident 
light (Jo) being unpolarized. ‘‘n” represents the num- 
ber of particles per cc. and d is the distance between the 
observer and the scattering system. ; 

Note that as the particle becomes smaller, the electric 
quadripole and magnetic dipole moment values (a2 and 
pi respectively) dwindle proportionately faster than the 
electric dipole (a;) and eventually become negligible, 
with the result that equations (13) reduce to the Ray- 
leigh equation (3). 

Debye Approximate Treatment (4, 6, 13, 16). By 
working with systems in which the difference in optical 
constants between the particle and the surrounding 
medium is low, the problem of scattering by large par- 
ticles may be simplified, for, according to Debye, under 
this modification, the distortion effect of the electric and 
magnetic fields in the particle on the primary (incident) 
light and the secondary (scattered) wavelets becomes 
minimized. As a result Debye finds it only necessary 
to allow for the interference between the scattered wave- 
lets from a particle in deriving mathematical expressions 
which relate amount and direction of scattered light 
with size and shape characteristics of the molecules. 
This is quite an advance over the Mie formulations be- 
cause not only can one satisfactorily treat spheres, but 
‘also other geometrically shaped molecules, such as rods 
and coils, may be covered as. well. 

The solute molecule is looked upon as divided into a 
series of independent dipole oscillators (submolecules) 
which radiate according to the Rayleigh principle. 
Then the average sum of the contributions of these sub- 
molecules’is calculated in much the same manner as that 
followed for representing the interference effects ob- 
served with X-rays or electrons scattered by crystals, 
liquids, or gases. 


JIU 


Oi 02 05 04 0607 08 09 10 


Figure 6. Dissymmetry (J°/ls°) versus Particle Size. Oster (13) 


Different equations are obtained depending on the 
configuration of the particle. Those equations de- 
veloped for spherical, rodlike, and randomly coiled mole- 
cules are represented by equations (14), (15), and (16) 
below. Actually, the Mie theory (spherical particles) 
reduces to equation (14) when the particles are rela- 
tively small in size and the difference in index of refrac- 
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tion between particles and suspending medium is small. 
Spheres 


(14) 


tn =[ z—2z cos a] 


Coils 


“Ging” is the normalized intensity of scattering at the 
angle @ with the proceeding incident beam. That is, it 
equals the quotient of the intensity of scattering at 6 
and at zero degrees. The z and ¢ terms are functions of 
particle size L (which is the diameter in the case of 
spheres, the mean square distance between ends for 
coils, and length in the case of rods), wave length )’ of 
the incident light in the solvent, and the angle @ to the 
incident beam at which the scattered light intensity is 
considered : 


Rods 
(16) 


“w”’ is the variable in the integral part of equation (16), 
when integration is carried out between the limits 0 and 
22. 

These equations bear out that as L increases, or )’ 
decreases, the ratio of scattering in the forward direc- 
tion to that in the backward direction, 7. e., the dissym- 
metry, increases. Figure 6 illustrates this, the ratio 
7n 45° /in 135° being plotted against L divided by 2’ for 
each of the three molecular configurations under dis- 
cussion. Note how much more rapidly the dissym- 
metry increases with particle size for spheres versus 
coils and coils versus rods. 

Figure 7 shows the complete angular distribution 
from 0 = 45° to 6 = 135° at a given wave length for 
tobacco mosaic virus particles. Their shapes are rod- 
like according to the electron microscope and their 
lengths have been estimated, with the aid of a plot like 
Figure 6, to be 103 mu in the case of A and 275 mu in 
the case of B. The straight line distance from the 
origin 0 to the curve at an angle with J, represents the 
normalized light scattering intensity at that given angle 
of observation with the incident beam. Note the con- 
siderable increase in dissymmetry which occurs when 
the rods are almost tripled in length. 

The Debye approximate equations are useful in the 
estimation of the length (L) of the major axis of a 
particle; or, they can be employed to gain information 
about the shape. 

In the determination of L, the particle shape must be 
known in order to find whether equation (14) or (15) or 
(16) is applicable. The intensity of light scattering 
for a given wave length at two different angles is meas- 
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ured, the measurements preferably being on either side 
of the normal with the incident beam and making the 
same angle with the normal. On substituting these 
values in the appropriate equation a value for L is 
obtained. This would be the diameter in the case of 
spheres, from which the molecular weight can be cal- 
culated provided the density of the solute is known. 

With coils and rods, another property has to be 
known in order to determine the other shape dimensions 
of the molecule. This is the molecular weight, which 
could be determined by viscosity, osmotic pressure, 
sedimentation, etc. If the turbidity technique (light 
scattering at 90°) is employed, two kinds of corrections 
must be made on the actual measurement before it can 
be converted to a molecular weight value by equations 
(6) and (11). First, there is the factor which makes 
allowance for the depolarization due to the anisotropy 
of the particles (see page 18). Secondly, the light 
scattering interference effects have to be allowed for. 
This latter correction factor, which is the ratio of the 
intensity of scattering at 90° in the absence of intra- 
molecular interference to the observed intensity, is 
greater the greater the dissymmetry, thus increasing 
with L. Particle shape may be obtained, in many 
cases, from electron microscope observations. Also, 
interpretation of results on centrifugal sedimentation, 
on viscosity, or on streaming birefringence, will yield 
useful information pertaining to the molecular geom- 
etry. 

When using the Debye approximate equations for 
gaining information about particle shape, the dissym- 
metry, 7. €., in 45° /in 135°, IS measured and substituted in 
equations (14), (15), and (16) respectively to obtain 
values of ZL in each case. Then the molecular weight is 
determined by any of the means, whichever is con- 
venient, already mentioned. It is obvious that the 
particles are spheres if the value of L obtained from 
equation (14) corresponds to the diameter of a sphere 
of the given molecular weight, the density being known. 
Rods can be distinguished from coils when the width (of 
the particle chain) is known. Figure 6, which shows 
that for a given L/d’, the dissymmetry is greatest for 
spheres and least for rods, is helpful in this sort of a 
problem. 

Use could be made of the fact that the dissymmetry 
curves in Figure 6 each approach distinct and different 
limiting values as L/\’ increases. By decreasing the 
wave length of the incident light so that L/X’ increases 
and making dissymmetry measurements, the shape and 
limiting tendency of the curve “dissymmetry versus 
L/\’” can be evaluated and information pertaining to 
the molecular geometry can be obtained. 

Stein and Doty (1/6) made dissymmetry measure- 
ments on cellulose acetate in acetone, and the results 
indicated that the molecules are just about fully ex- 
tended at molecular weights below 80,000, but become 
less stretched-out as the size increases, the polymeric 
chain evidently beginning to coil back on itself. Their 
method was to measure the dissymmetry of different 
samples of different but known molecular weight (deter- 
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Figure 7. Angular Scattering for Rod-like Virus Particles at } = 546y. 
Length = 103 my in Aand 275 myin B. Oster (13) 


mined by osmotic pressure, viscosity, and turbidity- 
light-scattering techniques). With the aid of plots of 
dissymmetry versus L from equations (15) for coils and 
(16) for rods (see Figure 6), they estimated values for L 
for the molecules in the solutions if coils or rods and 
tabulated them alongside the lengths in each solution, 
calculated on the assumption that the molecules are 
completely extended, the monomer unit of the chain 
being 5.1 A. as determined from X-ray studies. 

Lately, dissymmetry studies have been used to 
advantage by Debye and Anacker (4, 6) to show that 
cationic soap micelles have a rodlike structure. On the 
basis of energy considerations they allowed that the 
cationic molecules form aggregates with the hydro- 
carbon chains inward and the polar or ionic portions 
outward toward the suspending medium, and that the 
configuration of the aggregate could be a sphere where 
all the hydrocarbon tails meet at more or less of a 
common center; or a disc sandwich two molecule 
lengths thick where the hydrocarbon tail ends meet in 
the same central plane; or a rod of circular cross section 
(two molecule lengths diameter) where the polar parts 
of the molecules are at the surface of the rod and the 
hydrocarbon tail ends make up the interior, they lying 
perpendicular to the rod or cylinder axis. Then dis- 
symmetry measurements were made and used in the 
different approximate equations to obtain correspond- 
ing values of L. With the aid of these values of L and 
the known length of the soap molecule, a molecular 
weight was calculated for each of the proposed micelle 
configurations. On comparison of these calculated 
molecular weights with the actual micelle molecular 
weight as found by turbidity measurements, it was 
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seen that that value obtained for the rods was in agree- 
ment, the disc and sphere calculated weights being 
very large in comparison. 

DEPOLARIZATION (9, 10, 13) . 

Additional information pertaining to size range and 
shape of particles can be obtained by the analysis of the 
degree of depolarization existing in the light scattered, 
say at 90°. 1t will be recalled (page 16) that the light 
scattered at 90° by small particles is completely polar- 
ized if they are isotropic. If anisotropic, depolariza- 
tion will be apparent, the relative amount of depolariza- 
tion increasing as the particles become less isotropic. 

However, isotropic or spherical particles also show 
depolarization when they are sufficiently large (see 
Figure 5 and equation (13)), this effect increasing with 
increasing particle radius. When the large particles 
are not spherical, there is still further depolarization 
due to the anisotropy. These characteristics, in addi- 
tion to the circumstance that for a given system, the 
nature of the light scattered at 90° is different depend- 
ing on whether the incident light is unpolarized, polar- 
ized in one direction, or polarized in the other direc- 
tion, make it possible to classify scattering particles. 
The groups, small isotropic, large isotropic, small 
anisotropic, or large anisotropic thus could be dis- 
_ tinguished according to the following (see Oster (/3)): 

_(a) Small isotropic particles scatter light only if the 
incident light is unpolarized or if it is polarized in that 
direction corresponding to the unity term of (1 + 
cos? @) in the Rayleigh expression, that is, in the vertical 
direction. In either case, the scattered light is pol- 
arized, but only vertically. Scattering is zero if the 
incident light is polarized in the other direction. 

(b) As the isotropic particles become larger, they 
also begin to scatter that component of polarization 
corresponding to the cos*@ term in the Rayleigh expres- 
sion, when illuminated by that same component or by 
unpolarized light. The result is that for unpolarized 
incident light on large spheres there is a given amount 
of depolarization in the scattered light at 90°, this 
depolarization increasing with particle size. There is 
no depolarization if the particles are illuminated by 
incident light polarized in either strictly vertical or 
strictly horizontal direction. 

(c) The main distinguishing feature between iso- 
tropic and nonisotropic particles is that, with aniso- 
tropy, depolarization exists in the scattered light even 
if the incident light is polarized. When the particles 
are small, the depolarization in the light they scatter at 
90° is between 0 and 100 per cent if the incident light is 
polarized corresponding to the Rayleigh unity term, or 
if it is unpolarized. Depolarization is 100 per cent if 
the incident light is polarized in the other direction. 

(d) When large anisotropic particles are being ex- 
amined the properties of the scattered light represent a 
superposition of that for small anisotropic particles and 
large spheres. Thus, when the incident light is unpo- 
larized, the depolarization in the scattered light is 
greater for large anisotropic particles than for large 
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spheres. When the illumination is polarized according 
to the Rayleigh equation unity term the depolarization 
in the scattered light increases with particle size, 
However, when the illumination is polarized in the 
other direction the depolarization no longer remains at 
100 per cent for larger (anisotropic) particles. 

Depolarization measurements have been useful in 
showing changes in anisotropy of molecules with in- 
creasing size. For instance, it has been noted that 
molecules exhibit less anisotropy as they increase in 
weight (or chain length) thereby furnishing evidence 
that there is greater tendency to form more random 
coils. 


SUMMARY 


Quantitative information concerning size and shape 
of dispersed particles is obtainable by proper inter- 
pretation of the intensity and polarization of the light 
scattered from the solution at given angles with the 
incident light. 

(1) When the particles are isotropic and small, 7. e., 
at least '/2 4, and the system highly dilute, the molec- 
ular weight may be evaluated by means of the Ray- 
leigh concept (equation (3)), or the Debye treatment 
involving the turbidity as represented by equations (6) 
and (7). 

(2) Todetermine the molecular weight of these small 
isotropic particles at higher concentrations use the 
general Debye treatment involving the turbidity. 
This is represented by equation (11). 

(3) When the particles are anisotropic but. still 
small, use the Cabannes factor (relation (12)) involv- 
ing depolarization to correct the molecular weight ob- 
tained by the methods mentioned for the small isotropic 
particles. 

(4) For isotropic (spherical) particles greater than 
1/9 \, the size can be determined with the aid of the Mie 
calculations. 

(5) Or, the Debye approximate treatment (equa- 
tion (14)) can be used to estimate the size of these larger 
spheres provided the difference in optical constants be- 
tween the particle and surrounding medium is low. 
Similar treatment can be employed for coils (equation 
(15)) and rods (equation (16)). By comparison of 
data calculated with equations (14), (15), and (16), 
respectively, it becomes possible to classify the particle 
according to shape. 

(6) Additional information concerning shape and 
size of particles may be available from considerations of 
the degree of depolarization in the scattered light. 


TABLE OF NOMENCLATURE 


a, = Contribution to light scattering by the electric dipole 
moment in the Mie equations. 

a, = Contribution to light scattering by the electric quadri- 
pole moment in the Mie equations. 

B = Constant in osmotic pressure formula. 

c = Weight in grams of solute per cc. 

d = Distance between the observer and the scattering 
system. 

H = The proportionality constant between r/c and M for 

small isotropic particles in a highly dilute system. 
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I = Amount of incident light. 
I) = Initial amount of incident light which may be polarized 
or not as specified. 
i, 2 = — of the polarized components of the scattered 
light. 
i,g = Normalized scattered light intensity at the angle 9. 
ig = Total light scattered at the angle @ with the incident 
beam. 
Boltzmann constant. 
Size factor in molecules, 7. e., diameter of sphere, mean 
square distance between ends of coil, or length of rod. 
M = Molecular weight. 
m = Ratio of the refractive index of the solute particles to 
that of the solvent itself. 
Avogadro’s number, 7. e., 6.02 < 102%. 
Number of particles per cc. 
Osmotic pressure. 
Contribution to light scattering by the magnetic dipole 
moment in the Mie equations. 
R = Gas constant. 
r = Particle radius. 
s = Density of the solute in grams per cc. 
T = Absolute temperature. 


2 
8b 4 = a term in the Debye approximate equa- 


k 
L 


N 
n 


= - — 
sin 5 
tions. 
Volume of a light scattering particle. 
Variable in definite integral which is part of the Debye 
approximate equation for rods. 
= Distance along the incident beam in the scattering solu- 
tion. 
= 2rL sin (6/2)/n’ 
equations, 
= 2rr/d’, term in the Mie equations. 
= Isothermal compressibility coefficient in volume de- 
crease per unit initial volume per unit pressure dif- 
ference. 
= Dielectric constant of the solvent. 
= Angle with the line of the incident beam (proceeding 
from the particle or solution) at which scattered light 
from the particle(s) is being viewed. 
= Wave length of the incident light in a vacuum. 
\’ = Wave length of the incident light in the solvent in which 
the solute is contained. 
u = Index of refraction of the solution. 
wo = Index of refraction of the pure solvent. 
p = Fraction of depolarization. 
7 = The turbidity or the extinction due to scattering. 
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THERMAL DIFFUSION COLUMNS FOR LECTURE 
DEMONSTRATION 


A DEMONSTRATION of thermal diffusion which can be 


flix 


performed during a lecture period 
has not been described in the litera- 
ture. It is the purpose of this 
article to describe the design of 
thermal diffusion columns suitable 
for this purpose. 

Suitable thermal diffusion columns 
should have the following character- 
istics: 

(1) Short equilibrium time so that 
the separation can be observed 
during the lecture. The shorter the 
equilibrium time the more effective 
will be the demonstration. Also, 
the column should not be too large. 

(2) Readily observed separation. 
The separation should be large and 
should be easily visible. Bromine 
and helium are the best pair of 
gases, or bromine and air can be used 
if helium is not available. A mix- ae 
ture of a radioactive and nonradioac- oa 
tive gas could be used if desired and 
the separation followed with counters at each end of 
the column. 


DESIGN OF COLUMN 


The theory of the thermal diffusion column has been 
discussed in detail by Jones and Furry,? and the design 
of columns which have a minimum of either length, 
volume, or equilibrium time for a given separation has 
been discussed by Whalley.‘ 

The separation is described in terms of a factor F de- 
fined by 


log qc 
(1) 


where q, is the separation factor (ratio of the concentra- 


F= OF ge = 


1, Issued by the National Research Laboratories as N. R. C. 
No. 2590. 

2, National Research Laboratories Post-Doctoral Fellow. 

Note added in proof. Since this paper was written our atten- 
tion has been drawn to a paper by B. B. McInTerEr and C. E. 
Scuenstept (Am. J. Phys., 17, 417 (1949), describing a hot wire 
column using helium and air. The separation is observed by the 
color of the hot wire and equilibrium is reached in about 20 min. 
However the column is neither so easy to make and operate nor 
so rapid as ours. 

3 Jones, R. C., anp W. H. Furry, Rev. Mod. Phys., 18, 151 
(1946). 

4 Whalley, E., Trans. Faraday Soc., 47, 129 (1951). 
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tion ratios in mol fractions at each end) of the thermal 
diffusion column and q, is the separation factor of a 
nonconvective unit with the same hot and cold tem- 
peratures. If the separation is small it is easily shown 
that 


AC. = FAC, (2) 


where AC, and AC, are the concentration differences of 
one molecular species obtained in the convective and 
nonconvective apparatus respectively. F is given in 
equations (33-6) of ref. (2) in terms of the properties of 
the gas and the dimensions of the apparatus. 

The lengths L, wall separations d, and relaxation 
times ¢ for thermal diffusion columns without reservoirs 
corresponding to minimum length, volume, or relaxa- 
tion time are given by the equations: 


L = (3) 
d = (BuRP*)—'/ (4) 
where the 6’s are simple numbers dependent on the 


quantity to be minimized. The values of the §’s are 
given in Table 1. 


TABLE 1 
Minimum BL 


Length 2.129 
Volume 2.311 
Relaxation time 2.682 1/, 


The remaining quantities in equations (3-5) are: 


= 9 
A = 7991 

10,,f 
R = 


M = 


_ fa fe 


where p is the density, n the viscosity, D the diffusion 
coefficient of the gas mixture at 1 atm., P the pressure 
in atmospheres, g the acceleration due to gravity, and 
Sc, fa, and f;, are correction factors for the cylindricity of 
the column and are given in ref. (1), equations (100-11). 
AT = — and T = 1/2(T2 + where and 
are the cold and hot wall temperatures. The value of d 
it will be noted is independent of the separation re- 
quired. 
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EXPERIMENTAL 


The columns are filled with an equimolecular mixture 
of bromine and helium and bromine and air respectively 
at a total pressure of 150 mm. of mercury (0.197 atm.). 
This pressure is low enough to prevent the bromine from 
condensing when it is concentrated at the lower end of 
the columns. They are made of standard pyrex tubing, 
as shown in the figure, with the dimensions given in 


TABLE 2 
Dimensions of Columns 


Br.-H 


12 mm. 
34 mm. 
40 cm. 


Bre-air 


Outer diam. of inner tube 
Inner diam. of outer tube 
Length 


15 mm. 
31 mm. 
70 cm. 


Table 2. The dimensions are not the optimum ones, 
but the nearest which could be obtained with standard 
glass tubing. The dimensions are not very critical and 
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can be varied by 10-15 per cent without seriously af- 
fecting the efficiency of the column. The heaters for 
the inner tube are loops of B & S No. 11 chromel-A wire 
threaded through twin-bore porcelain insulators and 
controlled by a Variac transformer. The outer tube is 
cooled by a water jacket. The rate of heating of the 
inner tube is important in determining the rate of 
separation, and a high initial input which can be re- 
duced later increases the rate. With an initial input of 
about 800 watts there is a noticeable separation in 
about 60 seconds with the helium-bromine column and 
in about 80 seconds with the air-bromine column. The 
top of the column is clear in about two minutes and four 
minutes respectively. Comparison between the theo- 
retical and calculated equilibrium times is not at- 
tempted because the inner tube is heating up for a con- 
siderable part of the time required to clear the top of 
the column, and also no measurements are made of the 
temperature of the hot wall. 


ODD HASSEL 


Opp HasseEt, the eminent Norwegian physical chem- 
ist, was born at Oslo on May 17, 1897. After gradua- 
tion from the University of Oslo in 1920, he continued 
(1922-25) his studies at Munich and then at Berlin. 
He held a Rockefeller Fellowship, 1924-25. The Ph.D. 
was conferred by the University of Berlin in 1924. 
From 1925 to 1934 Dr. Hassel was lecturer in physical 
chemistry at Oslo; in 1934 he was advanced to a full 
professorship, a position he has completely held up to 
the present day. 

His researches have dealt mostly with various topics 
in physical chemistry. A steady stream of worth-while 
papers have come from his laboratory. His chief 
interests have centered around crystal structure and 
molecular structure. His conclusions have been based 
on X-ray diffraction studies, measurements of dipole 
moments, and investigation of scattering of electrons 
by vapors. Since 1939 the ‘“‘rotating sector” method of 
electron diffraction has been developed in his laboratory 
and applied to a series of problems relating to the estab- 
lishment of the configuration of “free’’ molecules. 
Papers dealing with the significance of van der Waals 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


distances in separate molecules, especially with refer- 
ence to cyclohexane and its derivatives, decalin, and 
other six-membered rings, have been worthy of special 
notice. He has made an extensive study of the struc- 
ture of cis decalin and a series of cyclohexane deriva- 
tives (including benzene hexachloride). In the field 
of preparative chemistry he has explored the prepara- 
tion of the cylohexane series and related compounds. 

Professor Hassel’s ‘‘Kristallchemie” was published 
at Dresden in 1934; following an urgent demand, an 
English translation by R. C. Evans, “Crystal Chemis- 
try,” was issued the next year. 

A member of the Norwegian Academy of Science 
since 1933, Professor Hassel alsu belongs to the Nor- 
wegian Research Council for Science and Humanities, 
and since 1949 has been chairman of its Mathematics 
and Natural Science section. He has been Norwegian 
Editor of Acta Chimica Scandinavica since 1947. 

Professor Hassel received the Fridtjof Nansen Award 
in 1946; in 1950 the University of Copenhagen con- 
ferred the Ph.D. honoris causa on this distinguished 
Scandinavian chemist. 
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J oun FREDERIC DANIELL, inventor of the Daniell 
cell, is not considered a pioneer in the organization of a 
branch of chemistry or a school of thought, neither were 
his contributions to the field of science as voluminous 
nor as outstanding as those of his contemporaries which 
include Faraday, Dumas, Avogadro, Berzelius, and 
Graham. His services, however, to more than one 
branch of science, were of the quality to merit not only 
the highest honor of the Royal Society, but every medal 
given by the Society. 

Only one account of the life of Daniell has been pub- 
lished. This is the obituary appearing in Philosophical 
Magazine.! Most of the references to Daniell’s life 
are taken from this presentation made by the president 
of the Society, The Marquis of Northampton.’ 

John Frederic Daniell was born March 12, 1790, in 
a small town in England called Strand. His father, 
George Daniell, a Bencher of the Inner Temple, pro- 
vided him with a good classical education in his own 
home. His father had visions of his son becoming a 
minister, but showed no signs of disappointment when 
he exhibited an early fondness for scientific pursuits. 
As a young man he was given a position in the sugar 
refining establishment of a relative where he introduced 
important improvements in its manufacture. How- 
ever, the rigors of business were of little interest to 
him and he soon surrendered his position. 

When he was 23 years old he was elected a Fellow of 
the Royal Society in whose activities he actively par- 
ticipated until his death. 

In 1814-15 Daniell began work on solutions and 
crystals in which he discovered and exhibited the ad- 
vantages of the utilization of water and different sol- 
vents over mechanical division of crystals in deter- 
mining crystalline structures.? He noticed that if 
‘amorphous alum” was left for some weeks in water it 
assumed a pyramidal form, and the lower part of it 
was embossed by distinct octahedral crystals. Borax 
exhibits similar properties giving rhomboidal crystals. 
Daniell concluded that “. . . in these cases the cohesion 
of the solid resisted unequally the solvent power of the 
liquid... .”” 

Similar work followed in which he attempted the in- 
vestigation of the structures of various metals and salts 
by observing the formation of embossments upon dis- 
solving the sample in suitable solvents. He concluded 
that salts of some metals, including bismuth, antimony, 


1 Phil. May., 28, 409-12 (1846). 

*The account was probably written by William Thomas 
Brande, Esq., Chairman of the Chemistry Committee of the 
Royal Society. 

3 THompson, T., Ann. Phil., 6, 454-5 (1815). 

* Quart. J. Sci., 2, 278-93 (1817). 
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and nickel, exhibited crystalline type structures. In 
1818 he published his first theoretical explanation of 
the density of crystals through a consideration of 
spherical atoms and their relation to structure and 
density.* 

In 1820, by the invention of the hygrometer, which 
bears his name, Daniell first gave precision to the means 
of determining the moisture of the atmosphere.* Early 
in life he became interested in meteorological phenom- 
ena. This interest resulted in the publication of 13 
papers and one book on meteorology in addition to 27 
original contributions in other fields, primarily subjects 
of a chemical and physical nature. In 1823 he pub- 
lished his “Meteorological Essays.”” This was the first 
attempt to collect the scattered facts on this particular 
subject, and to explain the most important phenomena 
of the atmosphere by means of physical laws. His 
model record of atmospheric changes is indicative of his 
emphasis on extreme accuracy in scientific observations. 
He organized the plan adopted by the Horticultural 
Society for their annual Meteorological Reports which 
became the model from which the Greenwich Meteoro- 
logical Reports were developed. 

Even though his pursuits shifted to other fields, 
his interest in meteorology continued. In 1839 he 
drew up the meteorological portion of the directions 
for the scientific observations to be made by govern- 
ment officers throughout the British Empire. In 
1824, in an essay to the Horticultural Society, he called 
attention to the necessity of attending to the moisture 
of hothouses which caused a revolution in the con- 
struction of such establishments.’ For this paper he 
received the Silver Medal of the Society. 

In 1830 Daniell constructed a barometer for the 
Royal Society in which water was used as the fluid 
instead of mercury.’ This required an instrument 
of enormous height, and only after mastering numerous 
problems of construction was his task completed. This 
barometer remained the most accurate in England for 
several years. He was engaged in its adjustment a few 
weeks before his death. 

In the same year he devised a pyrometer for the 
measurement of high temperatures. By the use of 
this instrument Daniell determined the melting point 
of iron to be about 3400°F.'° From previous experi- 


[bid., 4, 30-42 (1818). 

6 Tbid., 8, 298-336 (1820). 

7 Toompson, T., Ann. Phil., 27, 114-30 (1826). 

8 Phil. Trans., 122, 539-74 (1832). 

Tbid., 120, 257-86 (1830). 

1 The present melting point of iron is considered to be 2793° 
F., from Lance, N. A., “Handbook of Chemistry,” 7th ed., 
Handbook Publishers, Inc., 1949. 
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ments by M. Guyton de Morveau, who used platinum 
expansion, Daniell calculated the melting point of iron 
to be 8696°F."' In his attack on the assumptions 
made by de Morveau he points out the impracticability 
of the old pyrometer. This tremendous improvement 
in the accuracy of determining high temperatures 
won him the Rumford Medal. 

When King’s College, London, was founded in 1831, 
Daniell was appointed Professor of Chemistry, where 
his attentions were turned to the phenomena presented 
by voltaic electricity. His interest in this particular 
problem had its roots in the experiments of Faraday." 

In Daniell’s first letter to Faraday on voltaic com- 
binations he exhibits proof of the source of his interest. '* 


You know how deep an interest I have taken in your ‘“‘Experi- 
mental Researches in Electricity,’”’ and how zealously I have 
availed myself of the opportunities, which you have ever kindly 
afforded me, of profiting by your oral explanation of such diffi- 
culties as occurred to me in the study of your last series of papers 
in the Philosophical Transactions. 


It is in this publication that Daniell introduces an 
explanation of a constant voltaic combination which 
is still in use and has become a classical illustration 
of a battery. While repeating some of the experiments 
of Faraday, Daniell became conscious of the need 
for a voltaic combination which would furnish a con- 
stant force of sufficient magnitude to allow a prolonged 
investigation of the principles of electrolysis advanced 
by Faraday. He promptly discovered the cell which 
carries his name. In repeating Faraday’s experiments 
using this new cell, which produced a constant current 


for days of continuous operation, Daniell happily 
reported that he observed no deviations from the 


results reported by Faraday. He published his findings 
in the same letter in which he described his cell. — 

An unfortunate incident made this simultaneous 
report possible. The notes of all experiments made 
by Daniell on the constant cell and subsequent experi- 
ments were lost. This necessitated his repeating all 
experiments of importance, the results of which were 
published in 1836, almost one year later than they 
should have been had this incident not occurred. 

Five additional letters on voltaic combinations and 
subsequent applications supplemented the first, the 
last appearing in the Philosophical Transactions in 
1842.14 For this very important contribution to the 
scientific world, the Royal Society in 1836 awarded him 
their highest medal, the Copley Medal. 

In 1839 Daniell’s book, “Introduction to Chemical 
Philosophy,” was published: This volume was per- 
haps the most original book on the subject published 
in this period. 

For work on the electrolysis of salt solutions he was 
awarded the Royal Medal in 1842, the same year that 
he received the honorary degree of Doctor of Civil 
Law from Oxford. The first publication on this 


1 Phil. Trans., 120, 260 (1830). 

12 Faraday’s laws of electrolysis were published in 1834. 
13 Phil. Trans., 126, 107 (1836). 

4 Thid., 130, 137-56 (1842). 
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problem appeared in 1840. He started from the 
fundamental principle that “the force which is meas- 
ured by its definite action at any one point of a cir- 
cuit cannot perform more than one equivalent pro- 
portion of work at any other point of the same circuit.” 
Applying this principle to the results of the measure- 
ments he made of the quantities of hydrogen and oxygen 
liberated at the cathode and anode during the elec- 
trolysis of aqueous sulfuric acid, sodium sulfate, and 
potassium sulfate, and of the quantities of the same 
gases liberated by passing the same current, simultan- 
eously, through acidulated water, Daniell concluded 
that the water was not decomposed in the changes, 
but only the acid or the salt was electrolyzed. He 
concluded that the salt was separated into two ions, 
“an anion composed of one equivalent of sulphur and 
four equivalents of oxygen, and the metallic cathion 
sodium.” He gave the following electrolytic formulas 
to the salts he examined: 


Chemical 
formula 
Sulphate of Soda (S + 30) + (Na + O) 
Sulphate of 
Potassa 
Nitrate of 
Potassa 
Phosphate of 


Electrolytic 
formula 


(S+40)+Na 
(S + 30) + (Ka + O) 


(N + 50) + (Ka + O) 


(S +40) + Ka 
(N +60) + Ka 
(P + 21/0) + (Na + O) (P+ 31/0) + Na 
(S + 30) + (Cu + O) 


Soda 
Sulphate of 


Copper (S +40) + Cu 


By a similar experiment Daniell concluded that 
salts of ammonia were compounds of negative ions 
with the positive radical ammonium. 

Measurements made by Daniell and Miller'® showed 
that although the quantities of the anion and the cation 
liberated at the electrodes were always strictly equiva- 
lent, the number of cations which travel to the cathode 
in a given time is usually not so large as the number 
of anions which travel to the anode in the same time. 
They were searching for a means for studying in detail 
the quantitative ratio of transfer of ions to the elec- 
trodes. It is very likely that a procedure would have 
been worked out for a thorough study had not Daniell’s 
sudden death ended this work. This problem was 
solved by Hittorf in the years 1853 to 1859." 

On March 13, 1845, Daniell attended a council 
meeting of the Royal Society, of which he was foreign 
secretary, and shortly after commenting on an item 
of business was apparently seized with apoplexy. The 
attentions of the physicians present were fruitless and 
in five minutes his life had ended, at 55 vears of age. 
He was survived by two sons and five daughters. His 
wife had died in 1834, only two years before Daniell 
made his greatest contribution to the scientific world, 
the constant battery. William Allen Miller, his co- 

% Phil. Mag., 17, 349-56 (1840). 

16 Phil. Trans., 134, 1-19 (1844). 

17 “Ueber die Wanderungen der Ionen wahrend der Elektro- 
lyse,”’ Pogg. Ann., 89, 177; 98, 1; 103, 1; 106, 336, 513 (1853 to 
1859). Cited by Murr, M. Pattison, “History of Chemical 
Theories and Laws,” John Wiley & Sons, Inc., New York, 1907. 
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worker on the electrolysis of salts, succeeded him as 
Professor of Chemistry at King’s College. 

His ‘“Meterological Essays” appeared in a third 
edition the year of his death; his “Introduction to 
Chemical Philosophy” in a second edition in 1843. 
Both books were authoritative publications in their 
respective fields for several years after the author’s 
death. 

His success as a teacher is, without a doubt, due, 
in part, to his character and personality. The writer 
of his obituary states it thus: 
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High as were his scientific attainments, he possessed others of 
still lofty and more enduring character; to the sterling qualities 
of a vigorous understanding, and a kind and benevolent heart, 
he united the humble and unobtrusive piety of a sincere Chris. 
tian. 
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A NEW TYPE OF TRANSPARENT PROJECTION SLIDE 


W8iILE preparing projection slides for use in our 
chemistry classes,! a method of slide preparation was 
sought which would permit direct drawing or tracing 
onto a matte glass plate; yet would result in a com- 
It is well known that 


pletely transparent final slide. 
pencil or India-ink tracings may be made directly on 
matte glass plates, but the resulting slide is not really 
suitable, since transmission of light through the matte 
plate is poor—resulting in a dull dark background even 


with powerful lantern illumination. By a simple pro- 
cedure, however, it is possible to make the matte plate 
completely and brilliantly transparent. The principle 
employed for this and similar purposes utilizes the fact 
that a rough matte glass surface becomes completely 
transparent if covered with a clear oil, lacquer, or glue 
which has the same refractive index as the glass plate. 
To protect the slide surface and to avoid any lens effects 
it was found desirable to cover the treated plate with a 
second clear glass plate, just as is done in binding photo- 
graphic plates. The method is given in detail below. 
It was also found convenient and quite economical to 
prepare ground-glass plates in our own laboratory, and 
the method of making these is also described briefly. 
Slides made by this process are completely transparent, 
permanent, protected from scratches and dust, very 
sturdy, and inexpensive to prepare. 

Procedure for Preparing the Slides. The text, for- 
mula, or drawing to be projected is drawn on a matte 
glass plate, using India ink and a fine nib, or a drawing 
pencil of medium hardness. A little practice in the use 
of India ink on the matte glass surface may be required, 


1 Knarascu, N., ‘The use of lantern slides in the teaching of 
undergraduate chemistry,” J. Cuem. Epuc., 28, 280 (1951). 


JON H. MYER 
University of Southern California, Los Angeles, California 


but excellent results can easily be obtained. Errors | 


may be easily corrected with a hard eraser, and if neces- 
sary the whole matte glass surface may be restored with 
a scouring powder. 

After the slide has been drawn, and well dried if ink 
has been used, it is made transparent by applying 
Permount solution.2 In the case of a 3'/- XX 4-in. 
slide, 1 ml. of the thickened sirupy solution is applied to 
the center of the matte plate and a clear slide-plate is 
pressed on. Any air bubbles are driven to the edge by 
even application of pressure. This cement has the same 
refractive index as the glass of which the plates are made 
and proved superior to Canada balsam, vinyl acetate- 
chloride copolymer, etc. 

Matte glass slides can be obtained commercially* or 
may be prepared as follows: A heavy glass plate is 
covered with a sheet of damp paper. On this non-slip 
flat base a standard projection slide is ground with the 
aid of another slide and 320-mesh Carborundum. The 
Carborundum is mixed with water and the two plates 
are ground together with a circular motion using even 
pressure. With some practice two slides can be made 
in this way within two to three minutes. After rinsing 
and drying, the plates are ready for use. Considerable 
experimentation showed that the 320-mesh Carborun- 
dum gave optimum results. 

The completed slide-sandwich is dried for 24 hours at 
37°C., and bound in the usual manner.‘ 


2 This is a plastic cover-glass cement sold by Fisher Scientific 
Company, Catalogue No. So-P-15. It should be thickened by 
partial evaporation. 

3 Available from Keystone View Company. 

4 We found Mystik Tape (*/, in. wide) convenient. 
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THE CHEMOTHERAPY OF TUBERCULOSIS’ 


From the standpoint of the chemotherapy of tuber- 
culosis, these are stirring times, because there is at 
present a very widespread and intensive—if unpubli- 
eized—search being made for compounds useful in the 
treatment of tuberculosis. That this search will be 
fruitful can hardly be doubted, and it is not improbable 
that significant advances in this field will soon be forth- 
coming. 

Before embarking upon a detailed discussion of the 
various substances which have so far shown some 
activity against tuberculosis, it is perhaps pertinent to 
consider briefly the character of the disease itself. 

Historically—as is evidenced by archaeologic dis- 
coveries of skeletons with tuberculous lesions—tuber- 
culosis has plagued mankind since remote antiquity 
and all through the subsequent ages has stood high on 
the list of man-killing diseases. Even today, in this 
era of modern sanitation, balanced diets, and vitamins, 
tuberculosis ranks seventh among the causes of death 
and is number one killer of persons between 15 and 
45 years of age. Moreover, for each death it is esti- 
mated that there are five clinical cases. In 1941, for 
example, there were 60,000 deaths and approximately 
300,000 clinical cases in the United States. 


THE DISEASE 


The disease is characterized by the formation in the 
tissues of nodular bodies or tubercles (hence, tuber- 
culosis) and is manifested symptomatically in the 
pulmonary form by fever, cough, and progressive loss 
of weight (hence consumption). The causative agent, 
first isolated by Koch in 1882, is a fungus-like 
bacterium known as Mycobacterium tuberculosis or the 
tubercle bacillus. This organism has the unhappy 
ability of infecting practically any tissue or organ of 
the body, so that, in addition to the common pulmonary 
tuberculosis, there is tuberculosis laryngitis, enteritis, 
osteomyelitis, meningitis, and a host of others, in- 
cluding the rapidly fatal form known as miliary 
tuberculosis or “galloping consumption.” 

Tuberculosis is an infectious disease to which all 
humans are apparently susceptible. At any rate, 
there is conclusive evidence which shows that over 90 
per cent of persons living in civilized communities have 
been infected before reaching adulthood. Fortunately, 
the vast majority of these infections are mild and are 
clinically asymptomatic. When, however, the disease 
becomes well established in a patient its treatment is 
usually a long drawn-out and very costly process. 

1Presented at the 13th Summer Conference of the New 


England Association of Chemistry Teachers, University of 
Rhode Island, Kingston, Rhode Island, August 23, 1951. 


H. HERBERT FOX 
Hoffmann-La Roche, Inc., Nutley, New Jersey 


This resistance to treatment is at once one of the most 
outstanding and most deplorable characteristics of the 
disease. In this age of “wonder drugs,” when almost 
all bacterial invasions are casually and quickly crushed 
with antibiotics or with the “sulfas,” tuberculosis in 
its intractableness is almost unique. It is difficult to 
overemphasize this point. Despite streptomycin, tibi- 
one, p-aminosalicylic acid, and the other antituber- 
culosis agents currently employed, there is no short 
and easy cure for the disease. In fact, strictly speaking 
there is no cure at all. The chemotherapeutic agents 
now in use do not kill and eradicate the tubercle 
bacillus. At best, they are tuberculostats and merely 
arrest the progress of the disease. This is, in truth, 
neither more nor less than what most of the so-called 
“‘wonder drugs” do in other bacterial diseases. The 
difference lies in the fact that the host-parasite re- 
lationship which exists in the common bacterial in- 
fections is unlike that which exists in tuberculosis. For 
example, in a staphylococcus or streptococcus in- 
fection, there is a relatively brief, all-or-none struggle 
between the host and the parasite and one or the other 
quickly succumbs. Today, thanks to chemotherapy, 
it is generally the parasite that loses. In tuberculosis, 
on the other hand, the organism can remain viable in the 
host for long periods without provoking an all-or-none 
struggle. Moreover, the host’s defensive mechanisms 
are less certain and slower in action. Therefore, even 
though the tuberculostat has suppressed the disease, the 
host is not capable of effecting a rapid destruction of the 
tubercle bacillus. There are other factors which hinder 
the action of the chemotherapeutic agents. For 
example, in the caseous type of pulmonary tuberculosis, 
some of the organisms are frequently isolated within 
the cavity and cannot be reached by the drug. As an 
end result of these difficulties, the tuberculostats are 
currently employed in appropriately selected cases as 
valuable supplements to the traditional treatment of 
bed rest, collapse therapy, and surgery. 

A detailed discussion of the various methods used 
to determine the antituberculosis activity of compounds 
is beyond the scope of this article. It is worth noting, 
however, that the in vitro tests which were first widely 
used in screening techniques are now largely in discard 
in some quarters, because it was quickly discovered 
that scores of compounds which showed high in vitro 
activity were completely inactive in vivo. 


THE ANTIBIOTICS 


The chemotherapeutic agents for tuberculosis may 
be divided into two main classes: the antibiotics and 
the synthetic tuberculostats. At present, the anti- 
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biotics are clinically the most important. This does 
not mean that many of them are active against tuber- 
culosis—quite the contrary. Of the hundreds of anti- 
bioties that have been isolated and screened during the 
last few years, only a handful have shown any prémise 
and only two have been clinically approved. 

Streptomycin, a metabolic product of Streptomyces 
griseus, was isolated in 1944 by Schatz, Bugie, and 
Waksman (/) and in the intervening years has shown 
itself to be the most effective agent available for the 
treatment of miliary tuberculosis, pulmomary tuber- 
culosis, and tuberculous meningitis. It is not, how- 
ever, an unmixed blessing. Severe side reactions are 
frequently encountered. These include chills, fever, 
nausea, vomiting, renal damage, blood dyscrasia, 
disturbances in vestibular functions with accompanying 
vertigo, and irreversible nerve deafness. Another and 
perhaps most serious disadvantage attending the use 
of streptomycin is the rapidity with which resistant 
strains develop. This effect has been partially mitigated 
by the concomitant administration of p-aminosali- 
evlic acid. 

Dihydrostreptomycin was developed in an effort to 
find a less toxic substitute for streptomycin (2). It is 
equally as active as the parent compound and possesses 
practically all of the disadvantages of the latter, 
though apparently to a somewhat lesser degree. More- 
over, organisms resistant to one are resistant to the 
other. 

In addition to the development of resistant strains, 
some cases which are apparently suitable for strepto- 
mycin or dihydrostreptomycin therapy fail to respond, 
for some obscure reason, to either drug. These are 
the so-called “intractable” cases. 

The structures of streptomycin and dihydrostrepto- 
mycin have been determined (3, 4) to be as follows: 


CHOH 


CHOH | R— —OH 
| 
O——CH 
én, 


Streptidine 
H 


Streptomycin: R = —C=O 
Dihydrostreptomycin: R = —CH,OH 
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It is interesting to note that the streptidine moiety 
is a diguanidino derivative of a constituent of heart 
muscle, inositol, and is also related to the new insectj. 
cide, lindane or gammexane. 

H 
Cc 
CHOH 


buon 


CHOH 


OH 


\ 
CHCl 


HOHC 


CHCl 


\ 
NS 
H Cl 


Inositol Gammexane 


In addition to streptomycin, Waksman and his co- 
workers have discovered neomycin (5), a new anti- 
biotie which has been found to be effective in extra- 
pulmonary tuberculosis. It does not seem to be 
particularly good in the pulmonary forms and is appar. 
ently useless in tuberculous meningitis. 

Viomycin, isolated independently by two different 
groups, has not yet been sufficiently studied to warrant 
a critical evaluation, but its activity is only about one- 
fourth that of streptomycin. 

Mycomycin (6), discovered in 1946, has shown 
considerable in vivo activity, but it is too unstable to 
be practical. 


SYNTHETIC TUBERCULOSTATS 


The synthetic tuberculostats may be divided into 
four principal categories: the sulfones, the amino 
hydroxy benzoic acids, the thiosemicarbazones, and the 
pyridine carboxylic acid derivatives. 

The Sulfones. Chronologically, the sulfones are the 
first of the modern synthetic tuberculostats. The par 
ent substance of this group, 4,4’-diaminodipheny] sul- 
fone, though actively tuberculostatic (7), is very toxic 
and has not gained clinical favor in tuberculosis, though 5 
it has been used with some success in leprosy (8). 


4,4'-Diaminodipheny] sulfone 


Many attempts have been made 
to increase the activity and solubil- 
ity and decrease the toxicity of 4,4 
diaminodipheny! sulfone. Com 
pounds such as promin (9), diasone 
(10,11), andsulphetrone (72) are only 
partial successes, since, though the 
solubilities are increased and_ the 
toxicitiesare decreased, the activities 
are also somewhat decreased. It is} 
strongly suspected that these latter 
compounds owe their activities te 
the fact that they are degraded in 
the body to the parent compound. 
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S—NHCH(CHOH),CH.OH 
O,Na 


SC N 
Promin 


NaOSOCHHN—Z — 


Diasone 


be Na SC Na 


Sulphetrone 
Substitution of a thiazole ring for one of the phenyl 
groups in 4, 4’-diaminodiphenyl sulfone results in 
promizole (13) which appears to be somewhat better 
than the other sulfones (14). 


—80.—C 


N\nZ 


Promizole 


None of the sulfones is sufficiently tuberculostatic 
to serve effectively as the sole chemotherapeutic agent 
in the treatment. of clinical tuberculosis, but the better 
ones may find usefulness as adjuvants to streptomycin 
therapy. 

Aminohydroxybenzoic Acids. The principal member 
of this group is p-aminosalicylic acid, commonly known 
as PAS. The discovery of the tuberculostatic activity 
of PAS was occasioned by Bernheim’s (14, 16) observa- 
tion that the oxygen uptake of the tubercle bacillus 
increased under the influence of benzoates and sali- 
cylates. Lehmann (17), of Sweden, investigating this 
phenomenon with a large number of related compounds, 
found that p-aminosalicylic acid was markedly tuber- 
culostatic. 


COOH 
Y\—OH 


\ 


| 
NH: 


PAS 


Though, as compared to streptomycin, the activity 
of PAS is low, it has been used extensively in clinical 
tuberculosis because it is atoxic. Unfortunately, its 
absorption and excretion are so rapid that to maintain 
adequate blood levels it must be given in large and 
frequent. doses. Many variations in structure have 
been investigated, but none of them is superior to PAS it- 
self. It is known that the hydroxy group in position 2 is 
necessary, since changing it to an amino or chloro group 
abolishes activity and shifting its position diminishes the 
activity. The amino group in position 4 also cannot be 
changed or shifted without decreasing activity. Sim- 
ilarly, esterification of the carboxy group or alkylation of 
the amino group reduces the activity markedly. 


s0.-¢ —NHCH,OSONa 
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The pyridine analogue of PAS, 
3-hydroxyisonicotinic acid, has 
been prepared by the author and 
has been found devoid of activity. 

Although of limited usefulness 
alone, PAS is being ever more 
widely used as an adjuvant to 
streptomycin therapy, since a con- 
siderable body of evidence has been 
compiled to show that the con- 
joint use of both drugs retards the 
appearance of resistant strains. 

The Thiosemicarbazones. The most active synthetic 
tuberculostats known belong to the thiosemicarbazones, 
and of these, the best known is tibione (also known as 
conteben, amithiozone, myvisone, or p-acetamidobenz- 
aldehyde thiosemicarbazone) (18), 19). 


CH,CNH—-Z \—CH=NNHC—NH, 


O Ss 
Tibione 


st )sNa 


The investigations into the field of thiosemicarba- 
zones started originally with Domagk’s observation 
that of the many sulfa drugs known, two (sulfathi- 
azole and sulfathiadiazole) showed a limited in vivo 
tuberculostatic activity. In an attempt to establish 


H.N—¢ 


Sulfathiazole 


N—N 
H:N—¢ 


Sulfathiadiazole 


a relationship between structure and activity, a 
series of sulfathiadiazoles was prepared by cyclizing the 
appropriate thiosemicarbazone to the corresponding 
aminothiadiazole according to the method of Young 
and Eyre (20) and condensing the heterocyclic amine 
with the substituted benzene sulfonyl] chloride. 


N 
FeCl || 
s7 
Ss 
Thiosemicarbazone R aminothiadiazole 


N——N 
H,N— 


Sulfathiadiazole 


The end product proved to be uninteresting, but 
impressed by the similarity in structure between the 
aminothiadiazoles and their thiosemicarbazone pre- 
cursors, Behnisch and his co-workers (18, 19, 20, 21) 
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tested the latter and found them to be strongly tuber- 
culostatic. 

In its activity, tibione occupies a position between 
streptomycin and PAS. It has had extensive testing 
in Europe where it has shown itself to be of valtie in 
pulmonary tuberculosis and in tuberculosis infections 
of the mucus membranes, but, like PAS, it is ineffective 
in miliary tuberculosis and in tuberculous meningitis. 
In this country it has received relatively limited 
attention because of its considerable toxicity which 
manifests itself as gastrointestinal disturbances, anemia, 
and severe liver and kidney damage. 

Scores of variations have been made in the tibione 
structure in an effort to obtain compounds with in- 
creased activity and decreased toxicity. Most of 
these changes have involved the character and position 
of the subordinate grouping, since it was early dis- 
covered that substitution of the thiosemicarbazone 
moiety by semicarbazones, oximes, hydrazones, azines, 
and anils abolished activity (20). Shifting the position 
of the substituent from the para to the meta to the 
ortho positions generally results in decreasing activity in 
that order. The activity is also retained through 
many changes of the substituent grouping, and in the 
para position the substituents may be arranged in the 
following order of activity: ethylsulfonyl = isopropyl > 
amino = acetylamino = dimethylamino > nitro = 
sulfamyl = methoxy. 

In addition to p-acetamidobenzaldehyde thiosemi- 
carbazone (Tb I), the German workers have clinically 
investigated p-methoxybenzaldehyde thiosemicarba- 
zone (Tb II), p-ethylsulfonyl benzaldehyde thiosemi- 
carbazone (Tb III), p-acetamidobenzyl thiosemicarba- 
zide (Tb V) (the hydrogenated form of Tb I), and the 
diethanolamine salt of p-carboxybenzaldehyde thio- 
semicarbazone (Tb VI). 


Tb I (Tibione) 


Tb II 


Tb III 


TbV 


Tb VI 


H.CH,OH 
CH,CH,0H 
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The p-methoxy derivative (Tb IT) is less active, and 
the p-ethylsulfonyl derivative (Tb IIT) is approximately 
as active as tibione. In England, however, the ethyl 
sulfonyl compound (Tb III) is considered to be the 
most promising (22, 23). The reduced form of tibione 
(Tb V) has not been sufficiently investigated for 
critical judgment, and the carboxy derivative (Tb VI), 
while somewhat less active than tibione, is better 
tolerated and is regarded as a worth-while preparation, 
Moreover, as the only soluble compound of the group, 
it lends itself to parenteral forms of administration. 

Most recently, the three pyridine analogues of 
tibione, namely, the a, 8, andy-pyridyl aldehyde thio- 
semicarbazones, have been prepared and studied, at 
least preliminarily. The 8 compound, nicotinaldehyde 


() 
| —CH=NNHCNH: 


H=N HCNH; 


\N7 


CH=NN HCNH: 


NZ 


thiosemicarbazone, was independently prepared in 
Switzerland (24), France (25), and the United States 
(26). The findings of the French workers (25, 27, 28) 
indicate that the compound is distinctly superior to 
tibione, and these results have been partially con- 
firmed in this country (29). The a compound (pico 
linaldehyde thiosemicarbazone) and the y compound 
(isonicotinaldehyde thiosemicarbazone) were prepared 
by the author (30) and studied by Grunberg and 
and Leiwant (29). The a compound is inactive, and the 
y compound has been found to be at least comparable 
to the B derivative. 

Pyridine Carborylic Acid Derivatives. This last 
category does not appear in review articles on the 
chemotherapy of tuberculosis—probably because even 
its most prominent member, nicotinamide, has been 
largely ignored by chemotherapists and clinicians in 
in this country. The activity of nicotinamide was 
first discovered by Chorine (31) in 1945, but the dis } 
covery apparently caused no stir, because it was redis 
covered in 1948 by McKenzie, et al, (32), who postu 
lated that tuberculostatic effect was related to the 
vitamin activity, since any change in structure of the 
nicotinamide molecule resulted in diminution or aboli- 
tion of both effects (33). Chorine, on the other hand, 
had shown that nicotinic acid, which had vitamin 
activity, was not tuberculostatic and contended, there 
fore, that there was no relationship between the two 
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The tuberculostatic activity of nicotinamide is equal 
to that of p-aminosalicylic acid, but it has not gained 
favor in this country, because it causes severe liver 
damage and its strong vasodilator action results in severe 
flushing. It is, however, being tested more extensively 
in Europe. 

In an attempt to improve the activity, Kushner and 
his co-workers (33) found that replacement of one of 
the amide hydrogens by an isopropyl, pyridyl, or thiaz- 
olyl group resulted in diminished activity, whereas the 
addition of another substituent, such as chloro, amino, 
or butoxy groups in the 6 position on the ring completely 
abolished the activity. 

The author (30) has prepared and studied a consider- 
able number of compounds closely related to nicotina- 
mide and with two exceptions has found them devoid 
of activity. The two exceptions are 3-aminoisonicotinic 
acid and its methyl ester. Both of these compounds 
are only about one-half as active as nicotinamide and 
are of no interest clinically, but they do show that 
tuberculostatic activity in the field of pyridine car- 
boxylic acids is not necessarily limited to derivatives 
of nicotinamide. In the author’s view, this point is of 
considerable importance. 


COOCH; 


tin NH, 
\N <N 


CONCLUSION 


From the foregoing it is obvious that much remains 
to be done before tuberculosis can be treated as casually 
as some of the more completely tamed diseases which 
once took a heavy toll of life. On the other hand, it 
is equally obvious to those working in the field that 
now that the start has been made the work will con- 
tinue until the problem has been solved. 
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A FLEXIBLE LABORATORY INFRARED 
HEATER-DRYER 


Recentty, need arose for a small pilot laboratory set- 
up wherein fundamental data could be obtained con- 
cerning the behavior of materials exposed to infrared 
radiation under varied experimental conditions. The 
outgrowth of this need is reflected in the heater-dryer 
unit described below, which has been in use at Lowell 
Textile Institute for over.a year. In this time suffi- 
cient evidence has been gathered to indicate its versa- 
tility and usefulness for a variety of purposes. 

Most laboratory infrared installations make use of 
infrared lamps mounted singly or on panels and directed 
at varying angles to the material to be irradiated. 
These have the disadvantage of resulting in a rather 
nonuniform distribution of radiant energy, with visible 
shadow areas and lamp-filament patterns evident. 
Moreover, the fact that they emit a high radiant flux 
per unit area (based on an operating temperature up- 
ward of 2500°F.) may be undesirable in cases where a 


GEOFFREY BROUGHTON and LEONARD I, 
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low temperature source with correspondingly longer 
wave lengths of emitted radiation is required. 

As far as the authors know, gas-fired units have not 
been used for small-scale general infrared dryers, nor 
can they be feasibly employed where there is any ques. 
tion of ‘‘clean heat”’ or safety involved. 

It is believed, therefore, that the type of open-sided 
unit described in the following paragraphs represents a 
solution to many of the problems which have vexed 
laboratory workers. 


DESIGN 


Framework (A). The figure shows a photograph of 
the unit. The heaters are positioned readily in the 
vertical or horizontal plane in a framework of right- 
angle aluminum bars drilled with holes on half-inch 
centers. This is covered at the top by half-inch ply- 
wood faced on both sides by sheets of transite. 

Heaters (B). As a source of radiant energy fiberglas 
Superheaters! are employed. In these units, heavy 
Nichrome V wire elements closely woven over and under 
a mat of fiberglas tapes are covered by fiberglas | 
fabric and backed by 3'/, in. of insulation. The entire 
construction is housed in a rigid aluminum frame. 
Heaters can be constructed for use on any voltage, any 
phase, and any frequency, with a maximum operating 
temperature of 700°F. 

A small blower, attached to the back of the heater, 
passes low-pressure fresh air completely through the 
heater itself, materially aiding in the removal of steam, 
vapors, or solvent-laden air for certain types of work. 

If desired, the dryer can be converted into a convee- 
tion oven by adding a horizontal or vertical plywood 
duct, equipped with baffles and calming section, through 
which hot air can be led. ; | 

Balance (C). For quick measurement of weight } 
losses, a rapid-weighing, highly damped balance, such as } 
the Voland Speedigram (capacity 200 g., accuracy 
0.0001 g.), is placed on top of the test stand, with af 
aluminum rod and counterweight suspended 
from the left side of the balance arm. The rod passes 
through a */,-in. hole in the upper horizontal heater. 

From the end of the balance rod a small piece of | 
screening, frame, or other similar device may be hung 
to support the sample. 

Controls. The heaters are maintained at any desired 
temperature from 120° to 700°F. by a Leeds and North- 


1 Manufactured by and obtainable from Industrial Radiant 
Heat Corporation, Gladstone, New Jersey. 
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rup Electromax Controller. This instrument provides 
automatic proportional-duration action and droop cor- 
rection, with rate of droop correction proportional to 
magnitude of temperature departure from the control 
point. By means of magnetic contactors in the ex- 
ternal circuit, the surface temperature of either one or 
two heaters may be controlled by the Electromax within 
extremely close limits. 

Where a greater tolerance in temperature is no handi- 
cap, a less expensive mercury-actuated or simple galva- 
nometric on-off control can be employed, with or with- 
out a proportional mechanism such as a percentage 
timer. 


OPERATION 


Operation of the heater-dryer is extremely simple, 
merely requiring the setting of the Electromax to the re- 
quired temperature and waiting for equilibrium to be 
reached, as indicated by the steady flashing of the pilot 
lights on the controls. 

For curing, heating, or drying operations, where it is 
desired to ascertain the magnitude of the rate of weight 
loss, the sample is suspended from the balance rod on a 
supporting frame. As heating proceeds the time inter- 
vals may be noted for equal weight decrements, or con- 
versely, the amount of weight loss occurring in equal 
time intervals. 

Utilizing the appropriate auxiliary instruments, it is 
possible to gather data not readily available otherwise; 


—@ 


e. g., & watt-hour meter to measure power input, or a 
thermocouple-potentiometer circuit to measure sample 
temperature, to name just two possibilities. 


EVALUATION 


Tests conducted at Lowell Textile Institute with the 
heater-dryer unit have given satisfactory, reproducible 
results over a wide range of differing experimental con- 
ditions in which the distance between heaters, tempera- 
ture, air velocity, sample size, position of heaters, etc., 
were varied.” 

The versatility of the unit is shown by the fact that, 
in addition to drying and curing data, the unit will 
handle all the operations normally performed by an ordi- 
nary laboratory oven, such as routine drying of mate-— 
rials and apparatus, bone-dry weighing of crucibles, etc. 
Moreover, there is a decided advantage in the speed and 
constancy of operation, the temperature being vir- 
tually independent of external conditions in contrast to 
that in an oven when the door is opened momentarily. 
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ALICE IN STEREOISOMERLAND 


**So many odd reactions,”’ 
Moaned Alice on the eve 

Of the Chem. examination, 
“They must all be make-believe!” 


Then the page in Shriner-Fuson 
Flapped and fluttered, faded dim 
And the Fieser twins receded 
Leaving just their Siamese grin. 


Poor old Messers Diels and Alder 
Quite diene-less did remain— 
Baeyer fought for recognition 
And produced a fearful strain. 


The alkaloids kept strutting ’round— 
The terpenes in a panic; 

The methylene ketones ducked out 
And hid from Mr. Mannich. 


The prim and sec and tert amines 
Hatched up a vicious plot: 

To scramble the reagents, 

Then precipitate the lot. 

The mixtures smelled of esters 
Till the time of separation, 

Then the acid and the alcohol 
Popped out in desperation. 


The phenyl ethyl side chains 
Broke away from carbon five 
And chased the histamine around 
And raised a frightful hive. 
The steroid nuclei collapsed 
In shattered broken wrecks; 
Their carbonyl and OH groups 
Were quite devoid of sex. 
The sulfa drugs came marching in, 
A most impressive lot, 
Until the procaine went to work 
And froze them on the spot. 
The beta pyrroles turned quite red, 
They were a fearsome sight: 
“If we just had our alphas on 
We'd really look quite white.”’ 
Then Alice woke and shrieked aloud 
For Brewster and for Beilstein, 
For Morton, Gilman—anything, 
Yes, even poor old Wertheim. 
“I should have taken Music 2 
Or something just as nifty; 
How can I organize this mess 
And synthesize a 50?!”’ 

—Marjorie Rodd 
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Onz of the interesting aspects of laboratory instruc- 
tion in qualitative analysis is the amazing number and 
variety of questions that are asked by the students. 
Granted that these questions often arise from the mis- 

‘reading of directions or from other careless mistakes, 
many of the questions deal with chemical phenomena 
that the students, and often the instructor, cannot ex- 
plain. It is to answer some of these questions, as well 
as to make improvements in the procedures, that we 
have assigned projects of a research nature to approxi- 
mately 175 undergraduates in qualitative analysis dur- 
ing the past four years. This number of students 
represents about 19 per cent of the total enrollment in 
the course for that period. 

Qualitative analysis at Emory University is a one- 
quarter course which follows a two-quarter sequence of 
general chemistry. There are three lectures and two 
three-hour laboratory periods per week. The labora- 
tory work includes the analysis of solutions for cations 
(about 13 periods), the analysis of solid salts for anions 
(about three periods), and the identification of simple 
salts (about two periods). At present the special re- 
search projects are not an integral part of the labora- 
tory work, but are reserved for students who finish the 
required work ahead of schedule and desire to devote 
one or two periods to such a project. In a previous 
year the completion of a special project was incorpo- 
rated in the regular schedule and required of all students. 

A student is encouraged to select a project based on 
his own observations or on a difficulty that he has 
encountered with a particular step in the procedure or 
with a particular unknown. If a student has no sug- 
gestions the instructor usually has plenty, from his own 

observations or from the observations and questions of 
other students. It is often desirable for several stu- 
dents to work (separately) on the same problem. Once 

a particular project has been selected, the instructor 
outlines with the student the objective and the plan of 
attack, then the student proceeds with the experimental 
work, taking notes as he goes and conferring with the 
instructor when the need arises. As the work progresses 
and new aspects of the problem arise the student of- 
ten goes ahead on his own, devising new experiments. 
Finally the student submits a report of several pages 
consisting of: (1) a statement of the problem, (2) a 


1 From a paper presented at the 28th Annual Meeting of the 
Georgia Academy of Science, Athens, Georgia, April 27, 1951. 

2 Present address: Department of Chemistry, Washington and 
Jefferson College, Washington, Pennsylvania. 


UNDERGRADUATE RESEARCH PROJECTS IN 
QUALITATIVE ANALYSIS’ 


BRUCE McDUFFIE? 
Emory University, Emory University, Georgia 


detailed summary of all experimental work, including 
usually a table of data, and (3) conclusions or recom. 
mendations. 

The following list of typical research projects will 
give some indication of the scope and possibilities of 
this feature of the qualitative analysis course. 


Sodium, Potassium, and Ammonium Ions 


Sensitivity of the flame test for sodium. 

Comparisons of various light filters for the potassium flame 
test. 

Sensitivity of the ammonium ion test using sodium hydroxide, 

Investigation of the yellow precipitate obtained when the 
ammonium ion test was performed on a solution containing 
the cations of Group I. 


Cation Group I 


Precipitation of lead chloride under various conditions. 


Cation Group IT 


Optimum acidity for precipitation of Group II sulfides. 

Use of sodium hydroxide plus hydrogen sulfide to dissolve 
Group ITB sulfides. 

Effect of nitric acid on the precipitation of lead sulfate. 

Sensitivity of the test for bismuth.  . 

Study of the detection of cadmium in the presence of copper 
using the sodium chloride-hydrogen sulfide method. 

Study of the test for mercuric ion with stannous chloride. 

Amount of washing needed to remove chloride ions from 
arsenious sulfide, prior to the test for arsenic. 

Development of a specific test for arsenic. 

A simple confirmatory test for antimony, based on the re 
precipitation of antimonous sulfide. 

Investigation of the red-brown solution formed when silver 
ion is added to traces of stannous ion. 


Cation Group IIT 


Study of the incomplete precipitation of some Group III 
sulfides, 

Effect of acidity on the reaction of hydrogen sulfide with 
ferric solutions. 

Effect of impurities on the color of aluminum hydroxide. 

Study of the wine-red color obtained on dissolving a mixture 
of hydroxides in chloroacetic acid. 

Observations on the precipitation of zinc sulfide, and possible 
interferences in the test for zinc. 

Study of the complex formed by chromic ion in solutions con- 
taining chloroacetic acid. 

Precipitation of basic cobalt chloride as a test for cobalt. 

Development of a simplified procedure for the detection of 

manganese and iron. 

A study of difficulties encountered in the test for aluminum 
with aluminon reagent. 


Cation Group IV 
Effect of ammonium chloride and ammonia concentration on 
the separation of Group IV from magnesium. 
Sensitivity of the procedure for the detection of calcium. 


| 

Sil 
| 
tast 

| 
Ir 
Jet 

ject 

| 

| 

prop 
| 

7 


lissolve 


copper 
de. 

s from 
the re 


silver 


up Ill 
e with 


nixture 


yossible 
ns con- 


tion of 


minum 


tion on 


JANUARY, 1952 


Anions 
Test for nitrate in the presence of nitrite. 
Test for acetate in the presence of iodide. 
Occurrence of sulfate ion in lead sulfide unknown. 
Occurrence of sulfate ion in sulfite unknowns. 
Use of ammonia solutions to separate the silver halide group. 
Silver ion as a general reagent for the anions. 


Miscellaneous 
Quick test for the potency of hydrogen peroxide solutions. 
Standard names for the colors of precipitates and solutions. 
Qualitative analysis of miscellaneous substances, such as 
coins, rocks, clay, soft drinks, and vitamin pills. 
It has been our experience that students enjoy this 
taste of research and that it provides a fitting climax to 


Tue chemical propellants form a special class of com- 
pounds. Some of the members of this class are usually 
not considered as being important enough to warrant 
special discussion in chemistry courses. For this reason 
it appears to be of interest to present a catalogue of 
representative chemicals with emphasis on the particu- 
lar characteristics which make them useful or usable 
rocket propellants. 

In order to understand the function of chemicals in 
jet propulsion applications, it is necessary to consider 
the task which the chemicals are called upon to per- 
form. In its bare essentials a rocket rotor consists of a 
combustion chamber into which the propellants are in- 
jected, and from which the products of combustion flow 
out through a Laval nozzle (see the figure). Experience 
has shown that nearly complete thermodynamic equi- 
librium is reached in the combustion chamber and that 
the expansion of the combustion products through the 
Laval nozzle from the chamber pressure to the pressure 
of the surrounding atmosphere is nearly adiabatic.! 

An analysis of the forces acting on the rocket engine 
shows that the total thrust F is given by the relation 


F = mV, (1) 


‘The chamber pressure varies from one rocket engine to 
another. In liquid-fuel rockets it is usually 300 p. s. i., in solid- 


propellant motors 1000 to 3000 p. s. i., etc. 
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the first year’s work in chemistry. Of necessity the 
unit of work accomplished by any one student will be 
quite small, but taken together these units of work have 
formed the basis for many changes in the scheme of 
analysis and have in several cases laid the foundation 
for more advanced research. Furthermore, as in all 
research, students learn the importance and the satis- 
faction of a systematic and imaginative approach to 
the solving of problems. 

To echo the words of R. E. Kirk: “But is this re- 
search? Perhaps not to the teacher, but it is real re- 
search to the boy! And it is a real teaching tool!’’* 


3 Kirk, R. E., J. Cuem. Epuc., 9, 280 (1932). 


CHEMICAL PROPELLANTS 


California Institute of Technology, Pasadena, Cali- 
fornia 


Combustion Chamber ———> 


Nozzle 
Throat 


Nozzle 
Exit 
Rocket motor 


if a number of simplifying assumptions are made.* * 
Here m is the mass rate of flow of combustion products 
and J, is the linear flow velocity in the direction of the 
nozzle axis at the exit position (cf. the plane Z-E in the 
figure). The exhaust velocity V,, in turn, is deter- 
mined by the enthalpy change during adiabatic expan- 
sion from the chamber (identified by the subscript c) to 
the nozzle exit (identified by the superscript e) according 
to the relation 
V.2 = (2) 
2 Tsren, H. S., F. J. Mauna, J. Aero. Sci., 6, 50 (1938). 
F, J. Mauina, J. Franklin Inst., 230, 433 (1940). 
’ For an elementary account of the ‘Physics of Rockets” see 


Serrert, H.S., M. M. Miuus, anp M. SUMMERFIELD, Am. J. 
Phys., 15, 1, 121, 255 (1947). 
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where J represents the mechanical equivalent of heat, g 
is the acceleration of gravity, and AH,‘ equals the 
enthalpy change per unit mass during adiabatic ex- 
pansion through the nozzle. From equations (1) and 
(2) it is apparent that we must make AH,’ large in’ order 
to obtain a large thrust on the rocket motor per unit 
weight rate of flow of propellant. 

By proper utilization of the equations for conservation 
of mass, energy, and momentum it can be shown for 
ideal gases that 


F/ing = ®-VT./M (3) 


where @ is a function only of y, viz., of the effective 
ratio of the specific heat at constant pressure to the 
specific heat at constant volume during expansion, 7’, 
represents the temperature in the combustion chamber, 
and M is the average molecular weight of the combus- 
tion products during expansion through the Laval 
nozzle. In general, both y and M change during ex- 
pansion because chemical changes are taking place 
while the gas is being cooled from the chamber tempera- 
ture 7, to the exit temperature 7',. The chamber tem- 
perature 7’, can be calculated for any given chemical 
propellant system by well-known thermodynamic 
methods.‘ Since the specific heat ratio y does not vary 
greatly from one chemical propellant to another, it is 
apparent from equation (3) that the selection of suit- 
able propellants to yield large thrusts per unit weight 
rate of flow of propellant involves the selection of sys- 
tems yielding high chamber temperatures 7’, and low 
average molecular weights 7. 

The requirement of small values of / is met in prac- 
tice by using reducing compounds containing a great 
deal of hydrogen as well as relatively light oxidizers, 
preferably compounds of fluorine and oxygen rather 
than of chlorine, bromine, and the like. In general, the 
heat released and hence the value of 7', will be large 
for those chemical reactions leading to the production of 
compounds with large negative standard heats of 
formation from reactants with small negative or even 
positive standard heats of formation. Here the stand- 
ard heat of formation is defined in the usual way, v7z., as 
the heat evolved (standard heat of formation is nega- 
tive) or absorbed (standard heat of formation is posi- 
tive) when the given compound is formed at 298.16°K. 
and | atm. from the elements in their respective stand- 
are states. 

The preceding considerations have emphasized the 
fact that large thrusts per unit weight rate of flow can 
be obtained from chemical compounds which produce 
large values of Vv T./M. This parameter may therefore 
be considered to be a convenient factor for the evalua- 
tion of performance of given chemical propellants. In 
practice, operational problems, other than performance, 
will also have to be evaluated. 

The particular chemical compound which is most use- 
ful for a given propellant application depends upon the 

‘See, for example, WENNER, R. R., “Thermochemical Cal- 


culations,” McGraw-Hill Book Co., Inc., New York, 1941, 
Chap. XI. 
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device which is to be built. A complete survey of pro- 
pulsion units and of the chemical compounds used ag 
driving fluids is outside of the scope of the present dig. 
cussion. Instead, representative chemicals which haye 
been used or may be useful for the more important pro- 
pulsion units are listed below. 


Chemicals Which May Be Used as Propellants 
A. Oxidizers in Bipropellant Systems 


nitric acid nitrogen tetroxide 
oxygen chlorine trifluoride 
ozone hydrogen peroxide 
fluorine nitrogen trifluoride 


fluorine oxide bromine pentafluoride 


B. Reducing Materials in Bipropellant Systems 


hydrogen gasoline 
ammonia kerosene 
hydrazine (N2H,) aniline 
hydrazine hydrate (N.H,-H:0) methy] alcohol 
diborane (B:H¢) ethyl] alcohol 
tetraborane (B,Hio) propyl alcohol 
pentaborane (B;H,) acetylene 
borazole (B;N;H¢) ethylene 
borimide (B.(NHs)3) methane 


aluminum borohydride (Al(BH,);) other hydrocarbons 


disiloxane ((SiH;)20) other alcohols 
disilane aldehydes 
trisilane (Si;Hs) ketones 


C. Monopropellanis 


nitromethane hydrogen peroxide 
dinitroethane hydrazine 

D. Gas-generating Compounds 
hydrazine hydrogen peroxide 


E. Water-reactive Chemicals 


aluminum borohydride (AI(BH,);) potassium 
lithium lithium hydride 
sodium sodium hydride 
F. Fuels for Ramjets 
Any suitable liquid reducing com- carbon 
pound boron 


carbon-metal mixtures 


G. Ovxidizers in Solid Composite Propellants 
potassium perchlorate 


H. Fuels in Solid Composite Propellants 
Polymers containing mostly carbon and hydrogen 


J. Double-Base Propellants 


Homogeneous colloidal mixtures of roughly 50 per cent 
nitrocellulose (containing in the neighborhood of 13 per 
cent N) with roughly 50 per cent nitroglycerin. In some 
double-base propellants the amount of nitroglycerin is 
reduced to about 20 per cent and such substances as di- 
nitrotoluene, potassium nitrate, etc. are added to act as 
stabilizers, plasticizers, flash suppressors, coloring or 
darkening agents, etc. 


ammonium nitrate 


Bipropellant mixtures consisting of a liquid oxidizer 
and a liquid reducing material are used extensively in 
rocket propulsion work. In general, satisfactory per 
formance cannot be expected between any oxidizer 
listed in Group A and any reducing compound listed it 
Group B. A complete quantitative analysis of optimum 
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rformance requires study of the thermodynamics of 
combustion. Practical utility depends on such factors 
as ease and speed of combustion, propellant density, 
toxicity, coolant characteristics, etc. It is, however, 
evident that the reducing and oxidizing compounds 
which have been chosen as liquid propellants generally 
yield combustion products of low molecular weight at 
high temperatures, thus assuring large thrusts per unit 
weight rate of flow of propellant. 

A propellant is useful as a monopropellant for rocket 
applications if it can be made to burn with the evolution 
of heat and the production of low molecular weight 
decomposition products. Gas-generating compounds 
must have similar properties although it is generally de- 
sirable to have maximum production of gases at rela- 
tively low temperatures. 

Water-reactive chemicals are substances which react 
exothermically with water with the production of large 
volumes of gas. They are used in such devices as the 
hydroduct and hydropulse.® 

Ramjets, which do not carry their own supply of 
oxidizing agent, are best powered by the combustion 
products formed as the result of chemical reaction be- 
tween a liquid reducing compound or a simple metal or 
nonmetal and atmospheric oxygen or nitrogen. 

Composite solid propellants differ from double-base 
propellants by being more or less heterogeneous. Thus 
they consist of a nonuniform mixture of oxidizing and 
reducing materials. Solid double-base propellants, on 
the other hand, consist of homogeneously compounded 
materials, the discontinuities in physical and chemical 
properties being of colloidal dimensions. 

The more important characteristics of desirable 
liquid propellent chemicals are summarized below. 
The reasons for emphasizing the listed characteristics 
are, in some cases, closely related to the results obtained 
from a study of the thermodynamics of combustion. 
On the other hand, some of the desirable physical char- 
acteristics follow rather obviously from handling or 
cooling requirements in liquid-fuel rocket engines. 

A list of desirable physical and chemical characteris- 
ties of propellants for use in propulsion units, other than 
liquid-fuel rocket engines, can be prepared by rather 
obvious changes of the material which follows. 


Desirable Physico-Chemical Properties of Propellants Used 
in Liquid-Fuel Rocket Engines 


(1) Small negative or preferably positive standard heats of 
formation of the reactants. 

(2) The reaction products should have low molecular weights 
and large negative heats of formation. If conditions (1) 
and (2) are met, then the reaction products will consist of 
low molecular weight compounds at high temperatures, 
thus assuring good performance. 

(3) The propellants should have large densities in order to 
minimize the dead weight of storage tanks. 

(4) The oxidizers and reducing agents are best handled as 
liquids. Hence it is desirable to obtain propellants which 


5 The reader interested in a more complete discussion of jet 
engine design is referred to ref. (2) and also to the book ‘Prin- 
ciples of Jet Propulsion and Gas Turbines,” by M. J. Zucrow, 
John Wiley & Sons, Inc., New York, 1948. 


are normally liquid in the operating temperature range of 
service units (7. e.,.from about —40 to +60°C.). For sub- 
stances such as liquid oxygen and hydrogen special cooling 
units must be provided. This refrigerating equipment 
represents added dead weight which the propulsion unit 
must carry and is warranted only in the case of very high 
energy propellent mixtures. 

(5) In normal propellant operation the combustion chamber 
temperatures may get excessively high. Hence it is neces- 
sary to provide special cooling equipment for the chamber 
walls. Cooling may be accomplished by forced convection 
involving passage of oxidizer and/or reducing agent through 
coils enveloping the chamber. In extreme cases this 
cooling technique is inadequate and it is necessary to resort 
to sweat cooling which is accomplished by passing a small 
amount of one or both of the propellants through smal] 
passages in the chamber wall, thus using the heat of vapor- 
ization as well as the specific heat of the oxidizer and/or 
reducing agent in order to cool the chamber wall. It is 
apparent that successful cooling can be accomplished the 
more readily the higher the specific heat and/or the heat of 
vaporization of the material involved. Hence it is cus- 
tomary to choose, if possible, at least one of the com- 
ponents of a bipropellant system with a high specific heat 
and/or large heat of vaporization. 

(6) Since it may be necessary to store the propellants for long 
periods of time before use, good propellants should have 
high storage stability, 7. e., they must not decompose or 
change chemically in any way. during storage so that their 
use as a propellant is impaired. 
Since propellants are chemicals which have to be handled 
by service personnel it may be desirable for some applica- 
tions to use propellants of relatively low toxicity. Actually 
the art of propellant design has advanced at the present 
time to the point where practically every useful bipropellant 
component is toxic or represents a handling hazard for 
other reasons. As the result ofthis development it has 
become important to educate service personnel on the 
proper handling of dangerous chemicals. 

For large-scale use it is, of course, imperative that pro- 

pellants which are readily available and preferably also of 

low cost are employed. In practice this last requirement is 

inessential since experience has shown that rare and expen- 

sive chemicals which are needed in large quantities usually 

become cheap and readily available in the course of time. 

(9) The bipropellant mixture in a liquid-fuel rocket should be 
spontaneously combustible with minimum time lag. 
Spontaneously combustible propellants are said to be 
hypergolic whereas nonspontaneous® propellants are said 
to be nonhypergolic. The time lag or ignition delay is the 
period of time preceding steady-state combustion. It is 
measured empirically and is a function of physical factors 
such as injection methods,’ motor configuration, etc., as 
well as of the chemical constitution#of the propellant mix- 
ture. Long ignition delays may lead to the accumulation 
of large amounts of propellant in the combustion chamber 
before vigorous exothermic reaction occurs and initiates 
steady-state combustion. The accumulation of excessive 
amounts of propellant, before steady-state combustion 
occurs, is usually accompanied by severe initial shock and 
very high initial pressures which may lead to rupture of 
the combustion chamber. 

(10) The reaction products should not be excessively corrosive 
or form solid deposits thereby leading either to increased or 
decreased nozzle throat diameters. In the former case 
steady-state combustion may cease altogether or else occur 
at such low pressures as to impair over-all performance. 
Nozzle plugging, on the other hand, may lead to an excessive 
increase in chamber pressure followed by rupture of the 
combustion chamber. 

(11) For application to guided missiles the exhaust gases should. 
not interfere with the guidance method which is being used. 


~ 


(8 


6 Abbreviation for “‘nonspontaneously combustible.” 
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PAUL PASCAL 


Paut Pascat, whose “Traité de chimie minérale,” 
popularly known as “Pascal,” has made his name famil- 
iar to chemists almost everywhere, was born at St. Pol 
(Pas-de-Calais) on July 4, 1880. He graduated, first in 
his class, from the Ecole normale supérieure in 1905. 
From 1905 to 1908 he taught at the Lycée at Douai, and 
then even before defending his thesis (Docteur és 
Sciences, 1909), he was named (1908) maitre de con- 
férences at the University of Lille, where he taught 
applied chemistry. He was at this school until 1928, 
when he was called to the Sorbonne, where he has 
occupied successively the chairs of applied chemistry, 
mineral chemistry, and general chemistry. He has also 
taught at the Ecole centrale, the Ecole normale supéri- 
eure, and the Ecole normale de filles at Sévres. His 
retirement in 1950 has not diminished his activity; he 
still continues his researches and participates in the 
work of important committees. 


Paul Pascal 


At the outbreak of World War I he served in the 
infantry on the Belgian front, but in 1915 he was 
sensibly recalled to make use of his scientific and tech- 


nical abilities. He was given charge of the powder 
works of Angouléme, of the manufacture of guncotton, 
synthetic nitric acid, yperite (mustard gas), panclastite. 
A staff of 185 worked under his direction. For these 
services, he was awarded the Legion of Honor @ titre 
militairein 1917. 


CLEMENT DUVAL 
The Sorbonne, Paris, France 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


Professor Pascal has published many books. His 
famous “Traité de chimie minérale,” was composed 
with 65 collaborators. The 13 volumes appeared in 
rapid succession between 1931 and 1933. He himself 
wrote 862 pages, including the sections on bromine and 
iodine (which served as models for his associates), 
nitrogen, ammonium salts, and rhenium. Some vol- 
umes of this monumental work are now out of print, 


Though not entirely without errors, it continues tof 


render tremendous service to its many users. For the 
students in his courses he published: ‘Métallurgie’ 
(1921); ‘‘Synthéses et catalyses industrielles” (1921, 
1924, 1932); “‘Explosifs, poudres et gaz de combat” 
(1925, 1932); ‘“‘Acides minéraux” (1936); ‘‘Métal- 
loides”’ (1937); “Cinétique” (1938); ‘“Thermodynan- 
ique chimique” (1932); ‘“Equilibres chimiques’ 
(1939); “Structure et liaisons atomiques’” (1943); 
“Liaisons interatomiques” (1944); “Liaisons inter 
ioniques et intermoléculaires” (1944). In addition to 
these texts, whose titles themselves display the wide 
ness of his competency, he has-collected some of the 
ideas developed in his courses into “Chimie générale" 
(2 volumes issued). It has been said that the two 
volumes still in preparation are being awaited “with 
impatience as though they were the romances @ 
Alexandre Dumas.” They are written in a really clea 
and attractive style; they take account of the most re 
cent discoveries and ideas, and they do not hesitate to 
guide the reader to the base of the mountain of difficul- 


. ties. 


Professor Pascal’s pedagogical record is important. 
Some 60 engineers have completed theses under his 
direction, and seven of his students are teaching in insti 
tutions of higher rank. He is universally looked upon 
as an example of what a professor should be: a goo 
teacher delivering his lectures in a clear and attractive 
fashion, possessed of a wide culture, indefatigable, and 
always ready to serve. His countenance, whose line 
ments have retained their youthful appearance to 4 
remarkable degree, is usually graced with a smile. All 
in all, he gives a perfect picture of a courteous and cul- 
tured gentleman. 

Although his scientific activities have covered a wide 
range, the most important labors can be put into three 
categories: (a) magnetochemistry; (b) metaphos 
phates; (c) nitrogen and its derivatives. 

(a) In 1907 Langevin and Weiss had just proved 
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that diamagnetism is a general property of matter and 
that the paramagnetic molecule functions as a per- 
manent magnet with a multiple moment equal to that 
of the magneton. By measuring the magnetic suscepti- 
bility of a wide variety of materials, inorganic and 
organic, Pascal provided qualitative evidence regarding 
the nature of complex salts and the condensation of 
colloidal hydroxides, and derived some additive laws 
which gave an insight into the structure of molecules. 
He has postulated that the molecular susceptibility of a 
compound equals the sum of the atomic susceptibilities 
plus a correction term designed to take account of the 
particularities of the molecular edifice. With respect to 
its paramagnetic qualities, oxygen does not conform to 
the additivity law; in combination it yields different 
values according to how it is bound to its neighboring 
atoms. Double bonds lower the diamagnetism, but this 
property is increased by a tertiary carbon or quaternary 
atom adjacent to an oxygenated function or an aro- 
matic nucleus. The effects of tertiary carbons nullify 
each other when the molecule is symmetrical with re- 
spect to the oxygen, as in isoamyl oxide. Pascal made 
an extended study of keto-enol forms, discovered some 
quinoid structures, and proved the configuration of cer- 
tain oxyacids of sulfur and phosphorus. He also estab- 
lished a law which is nicely illustrated by a classic 
experiment on the simple and complex salts of iron: 
in a series of complexes it is possible to follow in parallel 
fashion the attenuation of certain analytical charac- 
teristics and the paramagnetic properties of a metal, 
and thus demonstrate the fact that the magnetic prop- 
erties are connected with the ionic state of the element 
or with the mode of arrangement in its complexes. 

(b) Pascal’s earliest inorganic researches dealt with 
the alkali ferro- and ferripyrophosphates. The former 
are highly reducing in character; the latter represent 
perfect complexes. Later he discovered intensely 
colored (red) ferriammines, some uranyl pyrophos- 
phates with masked sodium, and complexes with 
triazine tricarboxylic acid. 

At that time the history of the metaphosphates was 
quite obscure. It was filled with contradictions and 
exclusively chemical methods did not permit the mem- 
bers of the series to be individualized. Pascal was the 
first to prepare sodium metaphosphate (NaPO;) not 
polymerizable by heat. He then studied the products 
obtained by heating a monometallic phosphate and 
established the following connective scheme with re- 
spect to all the materials he studied, with the exception 
of some dimetaphosphates, which were not isolated 
until later. It should be noted that the tetrametaphos- 
phates can undergo a double evolution according to 
whether they are heated slowly or rapidly. 
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The temperatures at the points A, B, C, C’. . .are shown 
in the following table, which refers to the sodium and 
potassium metaphosphates. Some of these transition 
points are also given by thermal analysis of these sys- 
tems. 


A B Cc Cc’ D E F G 
Sodium 
salt 250° 505° 607° 640° 595° 725° 810° 
Potassium 
salt 170° 320° 960° 420° 505° 835° 
(c) Except for factory traditions, no data were 


available prior to World War I, regarding the manu- 
facture of nitric acid, its distillation, recovery, etc. 
Pascal studied the NO, = HNO, equilibrium; he 
showed that the peroxide does not have a condensation 
state above the dimer; he explored the HO — HNO; 
azeotropic mixture between 40 and 870 mm. Sub- 
sequently, he was able to prove that in the case of the 
sulfo-nitric mixture, the maximum in the boiling point 
disappears when the sulfuric acid reaches 65 per cent. 
For military needs, he had found that the peroxide can 
be produced by treating spent acids from the nitration 
of cotton with sulfur. He also studied the fluidity of 
guncottons. For the scientific operation of factories, 
he measured the specific heats, heats of mixing, and 
densities of nitric-sulfuric mixtures. He also studied 
their attack on lead, steel, and aluminum. 

Pascal is still busy with such problems as the indus- 
trial synthesis of benzene from acetylene, the distilla- 
tion of schists and lignites, the analysis of fatty sub- 
stances, and the nitration of naphthalene. Recently, a 
magneto balance was constructed in his laboratory 
which permits the determination of susceptibilities at 
various temperatures. Valuable discoveries can be 
expected from this instrument. 

Professor Pascal’s honors include the Houzeau Prize 
in 1917, the Lacaze Prize in 1930. He was named 
Correspondant of the Académie des Sciences in 1927, 
and was elected titulary member of the Chemistry 
Section in 1945. He received the rosette of the Officier 
of the Legion of Honor in 1949. He is still an active 
member of numerous national committees including 
Comité consultatif de l’Enseignement supérieur, Dé- 
fense nationale, Comité des Poudres, and Commission 
interalliée des Industries de |’azote et de la potasse. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


THE DEPARTMENT OF CHEMISTRY OF THE 
UNIVERSITY OF SOUTHERN CALIFORNIA’ 


Tue University of Southern California is the largest 
private university west of the Mississippi. In con- 
trast to many of the other large schools, however, its 
endowment is small, giving an income which is negli- 
gible in comparison with tuition receipts. Founded 
in 1880 it has, therefore, gone through several periods 
of rapid development and others of severe retrenchment 
as the economic and cultural conditions of the state 
fluctuated. By being alert to the needs of the popula- 
tion and emphasizing the personal touch and quality 
of instruction, it has been able, however, to reach its 
present state of development. 

While chemistry has been an important part of the 
science curriculum since the founding of the university. 
masters’ degrees having been granted since 1892 and 
occasional doctorates in chemistry since 1932, the real 
_ development of the chemistry department did not be- 
gin until a short dozen years ago when A. B. Burg 
came to a four-man department in which there were 
only a dozen graduate students in 1939, and became its 
chairman two years later. Today there are 14 regular 
faculty members and an active graduate school of 
some 60 selected graduate students and postdoctoral 
fellows, coming from most states of the Union, Canada, 
and abroad, mainly from India, England, and Holland. 

The faculty group is very active and unusually 
young, their ages averaging about 36, ranging from 27 
to 46. Their training and experience are quite varied. 
The 14 men received their bachelor degrees in 11 
different schools (Chicago claims three and Wisconsin 
two) and their Ph.D. degrees in nine different institu- 
tions (Chicago and Harvard claiming three each and 
Berkeley two). They taught or did postdoctoral re- 
search at 10 schools other than those that granted their 
degrees (Harvard and Stanford each claiming two) 
before coming to U.S. C., and average over one year of 
industrial experience. Their research interests range 
from synthetic organic to synthetic inorganic chemis- 
try, from the structure of crystals to that of colloids 


1This is the first of a series of articles, sponsored by the 
PSACT, describing chemical education in western colleges and 
universities. 
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KAROL J. MYSELS 
University of Southern California, Los Angeles, Cali. 


fornia 


and of solutions above the critical temperature, from 
radiochemistry to rheology. None is, however, in- 
terested specifically in analytical chemistry and as 4 
result advanced degrees are granted only in the fields 
of colloid, inorganic, organic, and physical chemistry, 
over 40 publications dealing with these fields having 
appeared last year from the department. 

Part of the teaching load is carried by postdoctoral 
lecturers on temporary appointment who spend one ora 
few years at the University to gain experience before 
proceeding to other posts. Most lecturers divide their 
time equally between research and teaching. 

Graduate students are admitted on the basis of 
promise for advanced work as evidenced by their 
undergraduate grades and letters of recommendation. 
It has been the policy of the department to advise stu- 
dents intensively, to screen them early and vigorously, 
and to grant both the M.S. and the Ph.D. titles as re- 
search degrees only after full demonstration of merit. 
The M.S. degree thus is not a ‘“‘consolation prize’ but a 
recognition of definite achievement beyond the B.S. 

After being admitted, the new graduate student con- 
sults with one of three members of a faculty committee 
which deals with all new students, who learns of his 
particular problems and explains what will be expected 
of him. The student then takes a three-hour orienta- 
tion examination on the basis of which he is advised 
by the full committee about his chances of success 
and the best ways of preparing to meet the next 
hurdles. Frequently students are advised at this 
point to begin by taking undergraduate courses in 
physical or organic chemistry to make up deficiencies. 

Before the end of their first term all new students are 
required to take three “background” examinations 
covering organic, physical, and inorganic-analytical 
chemistry at an advanced undergraduate level. The 
equivalent of a strong B performance in each examina- 
tion is required for passing. The student may attempt 
these examinations twice but if two are passed on the 
first attempt he is required to repeat only one. At this 
point, student mortality is over 50 per cent and less 
than 20 per cent pass all three on the first attempt. 
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These examinations have 
been found very effective in 
eliminating at an_ early 
stage, before a large invest- 
ment of time and effort has 
occurred on the part of 
either students or faculty, 
those who are unable to 
show the thorough grasp of 
fundamentals which is con- 
sidered a necessary pre- 
requisite for successful ad- 
vanced work. On the other 
hand, those students who 
pass these examinations 
have been found, in most 
cases, to proceed from there 
on without having to spend 
time reviewing basic mate- 
rial so that an atmosphere 
more conducive to creative 
research prevails in the 
student body. 

As a rule, students are ad- 
mitted to research only after 
passing the three back- 
ground examinations, or on 
a probationary basis after 
passing two, although re- 
search may be commenced 
immediately on entrance on 
a petition basis if an individual has special qualifica- 
tions. A thesis showing the ability to obtain publish- 
able results is required for the M.S. degree, which is 
granted after satisfactory completion of 28 units of 
study and a final oral examination dealing mainly with 
the thesis and the courses taken in the major field. 
The examining committee also recommends whether 
the student should or should not be discouraged from 
continuing for the Ph.D. degree. 

The work of Ph.D. candidates (whether they have an 
M.S. degree or not) is closely followed by a committee 
of at least three faculty members which meets twice a 
year with the student to discuss the progress of his re- 
search and related matters in order to evaluate his 
creative imagination, critical facility, and ability to 
express ideas, as well as his progress in research and in 
the independent study of his field. These qualities, 
including the capacity to do independent work, are 
believed to be even more essential than successful 
course study in fitting the person for work in responsible 
positions, be it in industry or in teaching. After each 
meeting, the candidate is informed of his progress to- 
ward the degree. 

After at least three semesters of research, and only 
if his progress has been satisfactory, the student may 
present himself for the “qualifying” examination which 
is oral and which deals with his research and any topics 
connected with it, with questions given him two weeks 
in advance and to which he has prepared written 


Science Hall 


This houses the main activities of the chemistry department as well as several of the other science departments. 


answers, and with original “propositions” submitted 
by him. In this way the candidate is tested in his 
ability both to handle established topics and to origi- 
nate significant new ideas, but quite purposely a rehash 
of course work is avoided. The examination is taken 
after the student has had a chance to mature and es- 
tablish himself in his chosen field but again before an 
excessive investment of time and effort has occurred. 
After passing this examination, the student completes 
his research and finally defends his Ph.D. dissertation 
in a final formal examination. 

Graduate courses include some which are more or less 
standard, such as thermodynamics, advanced organic, 
and advanced inorganic, in which the student acquires 
the advanced tools of his profession, as well as courses 
which are built around the special fields of various 
faculty members, such as radiochemistry, high vacuum 
techniques, etc., in which more specialized knowledge is 
explored up to the present-day borders of science. 

Seminars and informal colloquia serve as group 
meetings in which current literature and work in prog- 
ress in each field are discussed among faculty and 
graduate students. Work completed in the depart- 
ment and talks by outside speakers are presented at a 
weekly “research conference” attended by both grad- 
uate and advanced undergraduate students. Phi 
Lambda Upsilon, Iota Sigma Pi, Sigma Xi, and the 
American Chemical Society Student Affiliate societies 
provide additional opportunity for formal and informal 
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The New Building for Organic Chemistry 


contact between students of all fields and the faculty. 

An unusual feature of the graduate program is the 
curriculum leading to an M.S. degree in industrial 
chemistry. It is designed for graduates in chemical 
engineering or in chemistry who wish to obtain addi- 
tional training in the other field without satisfying its 
full undergraduate requirements. 

All graduate students who desire it receive financial 
support after passing the qualifying examinations and 
the more promising ones even upon entering. This 
support comes from teaching “laboratory assistant- 
ships” and “‘associateships” provided by the University, 
and research assistantships and fellowships provided 
by a number of industrial firms, the Office of Naval 
Research, the Atomic Energy Commission, the U. S. 
Public Health Office, and the Research Corporation. 
However supported, all work done in the department 
deals only with fundamental problems and is fully 
publishable. 

A faculty committee and an all-University office help 
in the placement of students in full-time, part-time, or 
summer positions. Arrangements are made for inter- 
views on campus with representatives of the larger 
companies who visit the department regularly. 

The department has the policy of not giving its 
students a “third degree.” It believes that in the 
five or six years of study leading to the B.S. and M.S. 
degrees a student, if he is of a Ph.D. caliber, has re- 
ceived from this faculty all that he could gather and 
should be exposed to a new and different atmosphere 
at another school. This policy leads to the loss of some 
of the most promising students but is believed to be of 
distinct benefit to them. 

In its undergraduate program, the department serves 
the needs of (1) relatively small groups of chemistry, 
chemical engineering, petroleum engineering, geology, 
and physics majors and a larger group of premedical 
students, (2) engineers other than chemical or petro- 
leum engineers, and (3) liberal arts students with no 
technical interests. There are three corresponding 
freshman courses: a professional 10-unit lecture and 
laboratory course with emphasis on qualitative con- 
cepts of equilibrium and structural considerations based 
as far as possible on laboratory experiments; a rigorous 
terminal 8-unit lecture and laboratory course which has 
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already been described in Tuis Jopp. 
NAL,? and a terminal 2-unit lecture 
and demonstration course emphagiz. 
ing aspects of chemistry of greatest 
importance to the general student 
not specializing in the sciences or 
engineering. This latter course may 
in the future be incorporated in g 
general science course. 

Only students from the first course 
are admitted to more advanced ones, 
The same semester-course in quan- 
titative analysis, emphasizing quan- 
titative aspects of equilibrium, is 
taken by all advanced students, but 

courses in organic chemistry in which theoretical cor- 
relation of reactions is stressed, and in physical 
chemistry in which problem work is emphasized, 
have additional laboratory periods for chemistry 
majors. Premedical students generally terminate 
their study of chemistry after organic, and chem. 
ical and petroleum engineers after physical chem- 
istry, while chemistry majors continue with courses in 
instrumental analysis, chemical literature, and elee- 
tives such as organic qualitative analysis, phase rule, 
elementary colloid, and some of the specialized graduate 
courses. This curriculum gives the student the basic 
tools for adapting himself to an industrial position and 
enough of a survey of the field to whet the appetite 
and provide a perspective for those who may wish to 
continue in graduate work. 

The best undergraduates may conduct research 
under a faculty member’s close supervision. This 
new experience gives the student an excellent indica- 
tion of his suitability for research and graduate work. 
While some find that they are better adapted to other 
aspects of a chemical career, others are most stimulated 
by this work, and several have succeeded in their 
senior year in competing work which was published in 
journals of the American Chemical Society. 

This fall a new wing to the main Science Building 
will be completed to house the teaching and research 
activities of the organic group. This will relieve con- 
siderably the present congested conditions of the de- 
partment and will make possible better housing of many 
instruments, such as the recording X-ray spectrometer, 
infrared spectrometer, mass spectrograph, ultracentri- 
fuge, light-scattering, and conductivity equipment, 
some of which are now kept in temporary structures 
put up in 1947 to accommodate the postwar flood of 
undergraduates. 

For several years the department has been publishing 
two brochures, one describing its faculty, publications, 
and fellowships; the other, detailed degree require- 
ments. These brochures are gladly sent to interested 
persons upon a request which should be addressed to 
Robert D. Vold, who became Head of the department 
last year on a system of rotation. 


Mysets, K. J., anp C. 8. Cope.anp, J. Cue. Epuc., 28, 
165 (1951). 
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* A QUAKER VIEW OF THE SECONDARY-SCHOOL 
CHEMISTRY COURSE’ 


As I understand it, the purpose of this symposium is 
to investigate the role which chemistry may play in 
general education. Such an investigation presupposes 
a definition of the term “general education,” but such 
definitions are hard to get. It has doubtless been the 
experience of most of us that the professional educators 
(and by this term I mean the teachers of courses in 
education), when asked to clarify the term, take off into 
flights of fancy which are decidedly annoying to those 
of us who are used to dealing with tangible things like 
test tubes and crucibles. Yet the theorist in education 
and the teacher of chemistry may find common ground 
in an expression which is bound to crop up somewhere 
in the discussion—“the education of the whole child.” 
There is no doubt that the tendency to consider the 
student as a whole and to endeavor to contribute to 
that whole in every course to which he is subjected is a 
step in the right direction. 

Last October at a conference of the Educational 
Records Bureau in New York City, I heard Dr. Frank 
Bowles of the College Entrance Examination Board 
speak on ‘‘Crystal Gazing and the College Boards.” In 
his address, the main purpose of which was to stress the 
growing significance of the Scholastic Aptitude Tests, he 
drew a picture of the breakdown of the subject-matter 
divisions, and he predicted that in the not-too-distant 
future the applicant will be offering for admission to 
college such subjects as “communications among 
peoples.”” As near as I could gather, a course of this 
sort would include everything from reading and writing 
to radio, radar, and television; and physics and chem- 
istry as such would be no more. Most of us are teach- 
ing in institutions which rather pride themselves on the 
“middle-of-the-road”’ policy which they follow. We 
like to say that we “skim the cream” from the new 
while we retain the best of the old, or that ‘‘our feet are 
on the ground.” Granted, we hope, that comglomera- 

’ Contributed to the symposium on the Content of the General 


Course at the 13th Summer Conference of the NEACT, Univer- 
sity of Rhode Island, Kingston, Rhode Island, August 21, 1951. 


DOROTHY W. GIFFORD 
Lincoln School, Providence, Rhode Island 


tions such as Dr. Bowles suggested are still far away, we 
need to recognize that the modern trend in teaching is 
toward the education of the whole child, and we need 
further to consider what our chemistry courses can con- 
tribute to the picture. 

During many meetings of this Association we have 
had occasion to discuss the problem of the content of 
the college preparatory course in chemistry. I can 
remember rather vividly holding forth on this subject, 
with a warmth which matched the outside temperature, 
at the Tenth Summer Conference at the University of 
Maine. At that same summer conference action was 
taken which led to the appointment of a committee 
which formulated a syllabus for the college preparatory 
course. This syllabus was officially adopted a year 
later. While there are undoubtedly points in it with 
which each of us would disagree, it represents, for the 
most part, through the considered opinion of a repre- 
sentative group of our membership, what we as an 
Association feel should be the content of the course 
which prepares for college. What is there left to say 
except, “Read the syllabus”? I should like to con- 
sider, therefore, an aspect of the secondary-school 
course in chemistry which I have heard discussed much 
less frequently, and one which I believe that all of us 
will agree is vastly more important—the intangible con- 
tributions which the study of chemistry can make to 
the development of the whole child, and what we can 
include in our courses which will contribute to this de- 
velopment. 

A basic tenet of the Quaker faith is summarized in 
the words, ‘““There is that of God iti every man,” and 
this doctrine of the “Inner Light” has motivated the 
Quaker way of life—our worship, our social program, 
our daily living, and our educational theory. The belief 
that in every man there resides a bit of the divine is cer- 
tainly not unique to Quakers, but underlies much of the 
religious thought of our day. Friends are probably 
better known for it than most religious faiths because, 
in our quiet way, we make more noise about it. How- 
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ever, all of us, as teachers of chemistry, can and should 
aid in the fanning of this divine spark, and it is quite as 
much our privilege to contribute in this manner to a 
better world as it is to invent plastics, synthetic rubber, 
or an atom bomb. I am, of course, talking about, the 
“building of character,”’ an expression which I loathe 
because it has been so bandied about that it reeks with 
sentimentality. 

I am thinking, first of all, of our opportunity to train 
students to be people of decision. A lot of the trouble 
in this world of sin and sorrow comes from what my 
grandmother used to cali “shilly-shallying.” So many 
people lack the ability to view a situation from all 
angles, to make a decision in regard to a course of ac- 
tion, and then to proceed. Too many of us allow others 
to make our decisions for us, either because we are too 
lazy to do the investigating necessary for a decision, or 
because it is the course of least resistance. How many 
of us are Republicans because our fathers were? How 
many, when election day comes along, say, without 
having done a bit of investigation for ourselves, ‘“The 
issues are so complicated that I just couldn’t make up 
my mind, so I voted the straight ticket’? What can 
we do to help our students to learn how to make de- 
cisions based on facts? How can we train our students 
in what Professor Ralph Barton Perry of Harvard Uni- 
versity calls the “art of decision’’? 

There are numerous ways which will doubtless occur 
to each of you. 1 am thinking especially of the role 
which the laboratory work might play. For the most 
part our so-called laboratory experiments are mere 
cook-book exercises. 1 do not know the answer to the 
problem which I am posing, but I do wish that there 
were some way in which the student could be encour- 
aged to plan out his own course of procedure. I wish 
that each laboratory exercise might be done because of 
a desire either to confirm something read in the text or 
to pursue some suspicion which may have flashed into 
the mind. If the student could then plan out and do a 
series of experiments to gather his confirming data or to 
back up his suspicion, he ought to get infinitely more 
out of his precious laboratory hours. The teacher 
would act in an advisory capacity, keeping the pupil 
away from explosive situations and helping to point the 
way when the going gets too rough. 

To be specific: in the usual laboratory experiment 
on the preparation and properties of oxygen, we tell 
the student to mix and heat certain weights of potas- 
sium chlorate and manganese dioxide. In some 
schools the material, all weighed and mixed, is handed 
to the pupil. After he collects the gas, he performs cer- 
tain stunts according to directions. It seems to me 
that the-vigerous student ought to ask himself whether 
other oxygen-containing compounds upon heating will 
also give up oxygen. He ought to be given the oppor- 


tunity of planning what compounds might be used and 
how to treat them. We wish, of course, for him to 
observe for himself the properties of the gas under dis- 
Every beginning student should have the fun 
Why not have 
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a tank of oxygen in the laboratory and give everyone as 
many bottles of the gas as he needs for making the vari- 
ous tests which we feel will be necessary for him to be- 
come acquainted with oxygen, but when it comes to 
generating the gas, let him work out several techniques 
of his own. Of course, he may instead think of some 
novel way to demonstrate some property of oxygen. If 
he does, well and good. The important thing is for 
him to become accustomed to making a plan and then 
carrying it out, basing the conclusions which he makes 
on data which he has thus obtained. 

I can think of two important objections to any such 
course of procedure. Sad but true, there are some stu- 
dents who will almost never be able to think up a course 
of action and then follow it. They are the “all we like 
sheep are gone astray” group to which the prayer book 
refers, the people who would infinitely rather follow 
than lead. For them the traditional laboratory exer- 
cise will be intellectually satisfying, if it satisfies at all. 
Yet these are the people who, more than their brighter 
or less lazy fellows, need the type of work I have been 
describing, and I suspect that even the poorest of them 
has an occasional glimmer which, if seized and acted 
upon, might lead to something approximating a de- 
cision in regard to a course of action. 

The teacher, however, will probably offer greater 
difficulty. Frankly, as I contemplate running a labora- 
tory along these lines, I have the feeling that 1 should 
be sitting on a not-very-small volcano. How we could 
ever keep it from being a chaotic situation and how we 
could ever preserve our own sanity I do not know. In 
addition, those of us who have been in the college pre- 
paratory game for some time are so accustomed to the 
thought that our students must have notebooks in 
which are recorded 25 to 30 experiments that the 
thought of spending as much time on one subject as 
this method would require takes on the quality of a 
nightmare. Of course, many colleges (Mount Holyoke 
and Wellesley, for example) no longer ask for the num- 
ber of experiments performed, trusting in the records of 
the graduates of a school to indicate the adequacy of its 
courses, but some boards of admission still demand a 
certain number of experiments or at least ask how many 
have been done. I cannot help wondering how such a 
Board of Admission would react if I were to write in the 
column labeled ““Number of Experiments Performed” 
a number like 10, and then to add, ‘‘but they were real 
experiments.”’ 

An unsuccessful experiment, planned and carried out 
by a student, like a negative result, can make a contri- 
bution, since it may help to make the student realize 
that he is not infallible, that he doesn’t know it all yet, 
that.just because he has made a plan it won’t neces- 
sarily work. It is my firm belief, however, that labora- 
tory experiments such as I have outlined, carried to a 
successful conclusion, can give a child a certain feeling 
of reliance on his own ability to plan, to do, to observe, 
and to conclude. It could develop habits of thinking 
that will contribute toward considered decisiveness of 
action in places other than the laboratory. 
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A second aspect of the “Inner Light” to which we 
may make a definite contribution is the love of truth. 
Most of us, as we think back to our childhood, will 
realize that love of the truth has been a gradually grow- 
ing thing in our lives, that a sense of responsibility for 
the truth and a hatred of what is false is an acquired 
trait, and one which has grown and should continue to 
grow as each day passes. We tell children that they 
must not lie, but most of them will until they come to a 
realization of what the truth is through some vital ex- 
perience of it. I can remember some of the whopping 
lies which I told as a child, not that they would do me 
any good or get me out of anything, but simply because 
peoples’ astonished reactions were so perfectly delight- 
ful! If there is anything in the universe which is real, 
it is the truth, and anything which we.can do to make 
it fascinating and vital is a contribution to the indi- 
vidual and to the whole world. 

Here, again in the laboratory, through the quantita- 
tive experiment, we can relate facts which are experi- 
enced to the intangible realities. In performing a sim- 
ple experiment like finding the percentage of oxygen in 
potassium chlorate, the student should get a feeling of 
respect for a set of figures. If he weighs out roughly 3 
g. of potassium chlorate on Harvard trip scales, then 
places his material in a crucible weighed to estimated 
thousandths of a gram, reweighs the crucible and the 
potassium chlorate, and deduces the corrected weight of 
potassium chlorate, he begins to get a little perspective 
about what figures mean, of what an accurate weighing 
is, and, more important, of what it isn’t. A little of 
the challenge of ever increasing accuracy makes itself 
felt. The fact that his results agree roughly with those 
of other experimenters can and should make the student 
aware that the data with which he is constantly being 
presented are based upon the truthful observations of 
others. As he works with experiments of this sort, he 
may come to have a feeling of respect for what he has 
taken so casually and to sense one aspect of truth. 

Closely allied to the love of the truth and stemming 
from it is a sense of honesty. The recent publicity in 
regard to cheating in certain of our higher institutions of 
learning has greatly shocked us all, partly, I suspect, 
because it has forced us to face a situation the existence 
of which we have all known but have been reluctant to 
admit. Cheating is just as real a problem in secondary 
school as it is in college, and we cannot help wondering 
what is wrong with an educational system which 
apparently does so little to develop love and respect for 
the truth. Surely, where the truth is not revered 
honesty will not exist. 

If in our income-tax returns we include income de- 
rived from extra-curricular activities like tutoring 
merely because we don’t dare do otherwise, let us face 
squarely the fact that while we may be prudent in so 
doing, we are not being fundamentally honest. We 
need to recognize that honesty based on fear of being 
caught is not honesty at all but mere expediency; that 
real honesty has a very different motivation. 

However, dishonesty may be partly a habit, and in 
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our zeal for accuracy we need to be very careful that we 
do not encourage its formation. As high-school teach- 
ers we are not trying to train analytical chemists, and 
the quantitative experiments which we include have 
for their purpose the development of certain techniques 
and mathematical relationships, not the obtaining of 
better and more accurate data. Hence, I believe, our 
emphasis should be on the interpretation of results, not 
on the results themselves. Certainly, all other aspects 
being equal, the student who gets the best numerical 
data should get the best grade, but undue emphasis on 
accuracy alone will pressure the weakling into errors far 
worse than poor results! For this reason we should 
always insist on the calculation of the percentage of 
error and on its interpretation. There should be a list 
of logical explanations for the error. It is not enough 
to say, “I must have weighed wrong.” Instead, at 
least, the pupil should say that the original weight of 
his crucible must have been too heavy, perhaps because 
he forgot to dust off the pan or because there was ma- 
terial on the outside that burned off, or some other such 
plausible explanation. It is interesting to see that 
often the student can diagnose his difficulty and upon 
repetition of the exercise can obtain more satisfactory 
results. A good interpretation of error is of far more 
value to the beginning student than a result that by 
good luck “hits it right on the nose.” I wonder if an 
intelligent understanding of possible and probable pit- 
falls isn’t half the point of a quantitative experiment at 
the secondary-school level. 

The use of significant figures and the insistence that 
measures be recorded to the proper degree of accuracy 
is another lesson in honesty. If the weighings on a set of 
scales can be read accurately to hundredths of a gram 
and estimated to thousandths, then we should never 
accept a reading in less than three decimal places. Ifa 
volume can be estimated to tenths of a milliliter, then 
we should refuse to accept readings which record either 
hundredths of milliliters or whole milliliters. Experi- 
ences like these make the student really aware of what 
we mean by honest observations. Every time he makes 
observations with as great accuracy as possible, he can- 
not help but have a greater sense of what the truth is. 

In assigning problems to be prepared as homework we 
encounter again the problem of honesty. I think that 
it is just as well to face the fact that students simply 
will work problems together or compare answers when 
they are done, making proper revisions after the confer- 
ence period! For this reason I never forbid working 
together and I never give any credit for problems done 
outside of class. This latter technique is not popular at 
first, but I find that my girls soon bow to the inevitable. 
Frequently, to discourage working together, I give the 
answers to a set of problems. All my girls soon learn, 
however, that one thing is certain: there will be a quiz 
which will count for credit and will be based on the type 
of problem on which they have been working outside. 
It doesn’t take too long for them to realize that if they 
are getting too much help from their friends I am pretty 
apt to find it out. Such a quiz must be honest on the 


ION 
1e as 
Vari- 
) be- 
S to 
ques | 
ome 
for | 
then 
akes 
such 
stu- 
urse 
like | 
00k 
llow 
all. 
hter 
een | 
hem 
ected 
de- 
ater 
ora- 
| 
In | 
pre- 
the 
; in 
the 
as 
of a | 
‘oke 
s of 
f its 
d a 
any 
ha 
the 
ed” | 
real 
out 
tri- 
lize 
yet, 
ces- 
oa 
ling 
rve, 
cing 
of 


teacher’s part, with enough straightforward material 
like the assigned problems so that the faithful and con- 
scientious student will be able to demonstrate that he 
knows how to do the problems assigned. Tricky prob- 
lems have their place, but not in quiz material testing 
ability to do assigned work. 

As we consider honesty, is it too much of a truism to 
add that we need not expect from our students any 
greater degree of honesty than that which we ourselves 
show? Every teacher of a college-preparatory chem- 
istry course knows that, in order to prevent us from 
cramming our students, the College Entrance Examina- 
tion Board does not publish its examinations. A year 
ago I heard of a man (not one of our members) who 
teaches in one of our large New England cities. Before 
the examination, he instructed each of his students to 
memorize the general content of a certain section of the 
paper. From their reports he was able to reconstruct 
practically the whole examination. Guided by it he 
may have been able to offer better instruction in taking 
the examination given las; March. We may frown 
upon the ethics of such a procedure, but I feel a much 
deeper concern in regard to what such an act did to the 
ethical standards of the students. How much could 
he contribute toward the building in his pupils of a 
sense of what is inherently honest and good? 

The last intangible which I wish to discuss is one 
which, as I have been thinking over these remarks, I 
have found most difficult to put into words. A part of 
the heritage of every chemistry student should be a re- 
spect for the unknown and a willingness to acknowledge 
the reality of things for which we have no explanation. 
To the student in secondary school the recognition of 
this reality is especially important. He is at an age 
when he doubts everything which he cannot prove with 
the facts which he has, and such doubts worry him since 
they are frequently concerned with his religious experi- 
ence. The transition from the anthropomorphism of 
childhood to an adult religious faith based upon indi- 
vidual experience and thought is difficult at best. It 
is a transition never made by some and imperfectly 
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made by most of us. I have found that my own girls 
seem to get a good deal of comfort from the realization 
that the revelation of truth to the individual, as to the 
race, is an unfolding thing which is constantly going 
forward as we have the courage and persistence to pur- 
sue it. I believe that our students could get a far keener 
sense of this continuing revelation through the honest 
searching of human minds if we had time to do more 
work in the history of chemistry which, in our rush to 
“cover ground,” we have to neglect. They get some 
idea of it as we discuss the atom, beginning with Dalton, 
continuing through the Periodic Table, atomic struc- 
ture, radioactivity, and atomic energy. They glimpse 
it when we teach the law of conservation of energy and 
the law of conservation of mass and then point out that 
we must now modify the two laws into one. At some 
stage in the course it is easy to hint that the student has 
been accepting on faith a good many things which he 
himself cannot prove—for example, the theory of the 
atom, and that it doesn’t trouble him because no one 
has ever seen an atom. Sometime, somewhere, some- 
how our courses in chemistry should rise above equa- 
tions, formulas, processes and logical deductions, and 
give our students a sense of the majestic orderliness of 
the universe, of the beauty of its dependability, and of 
our unique place in the scheme of things. 

I am thinking of a verse in the New Testament which 
says: ‘For what shall it profit a man if he shall gain 
the whole world, and shall lose his own soul?’ (St. 
Mark VIII, 36). It is not, I believe, irreverent to 
apply this thought to our own discussion. For what is 
the profit to a student if he is able to write formulas, 
balance equations, do problems, recite preparations and 
properties, and perform complicated laboratory pro- 
cedures if he has not at the same time touched the soul 
of chemistry; if his contacts with the course and with 
us have not made him better able to gather data on 
which to make considered decisions, if they have not 
given him a passion for the truth and if he has not be- 
come aware of the promise held out to him in the ever- 
continuing revelation of truth to man. 


To the Editor: 
On page 556 of the October, 1951, issue of the 
JOURNAL OF CHEMICAL EpucatTIon, J. C. Hackney com- 


ments critically on one of the series of exercises pre- 
sented for illustrative purposes in my July, 1951, paper, 
“Evaluation of Achievement in Chemistry.”’ While it is 
probable that on the level of high-school or elementary 
college chemistry the better students would respond to 
these items in the way intended, superior students 
whose understanding of oxidation, reduction, and 
neutralization includes the concepts listed by Hackney 
could be in difficulty. His criticism admirably sup- 
ports statements made elsewhere in my paper: “In 
concluding this discussion of various types of objective 
exercises, the importance of careful evaluation and 
editing of exercises prior to use should be stressed. After 
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exercises have been written they should be carefully 
checked for accuracy of phraseology and correctness of 
the key.” 

Max D. ENGELHART 


Tue Cuicaco City JuNIoR COLLEGE 
Curcaco, ILLINOIS 


To the Editor: 

The simple electronic relay described by John J. 
Pitha (J. Coem. Epuc., 28, 429 (1951)) is a device which 
fills a long-felt need. However, Mr. Pitha’s use of a 
battery, which is bulky and needs occasional replace- 
ment, can be eliminated and the device made entirely 
self-contained. Indeed, the 3C23 tube works better 
when “‘triggered” with alternating current. At 120 volts 
on the cathode, 3 volts or more are needed for the grid 
bias. The most compact way of obtaining this would be 
to add an extra winding to the filament transformer. A 
few turns only of fine wire would be needed, as no more 
than 50 milliamperes is carried, and this could be poked 
in over the secondary without disassembling the trans- 
former. It is more convenient, but slightly more ex- 
pensive, to use a small auxiliary transformer giving 
about 6 volts. A bell-ringing transformer is suitable. 

The writer is using at the present time a relay with 
the latter arrangement, the circuit diagram for which is 
shown in the figure. FR, and R, are two ordinary half- 
watt radio resistors with the approximate values of 20,- 
000 and 100,000 ohms, respectively. The specifications 
are otherwise identical with Mr. Pitha’s. The two 
transformer primaries are connected in parallel, and of 
the two possible ways of doing this only one will work, 
because of phase considerations. The simplest means 
of determining the right way is to leave the 6-volt 
transformer leads unsoldered when building the relay, 
simply twisting them in place. After completion the 
relay is tested, and if it does not work these leads are 
reversed. They may then be soldered and taped. 


* INTRODUCTORY COLLEGE CHEMISTRY 


Harry N. Holmes, Professor of Chemistry, Oberlin College. 
Fifth edition. The Macmillan Co., New York, 1951. viii + 594 
pp. 178 figs. 2color plates. 14.5 X 22cm. $4.75. 


As WITH previous editions, this book is designed for introduc- 
tory college courses in general chemistry. Principles of chemis- 
try are emphasized, there being a good balance between theory 
and practical applications. The book is written in an interesting 
manner, with the historical material woven into the discussions 
without overemphasis. Repeated revisions since 1925 have re- 
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The circuit shown was designed for use with a Cenco 
mercury thermoregulator, which has a metal mercury 
reservoir. This means that the regulator is necessarily 
grounded, at the point shown by the dotted ground 
symbol in the figure, so that plugging in the line with 
the “live” side towards this point would cause a short 
circuit. To prevent this the lamp L was connected be- 
tween the lead from the regulator reservoir and the fila- 
ment transformer center tap. This lamp is a 110-volt, 
7-watt pilot light. If it lights when the power is 
switched on the plug should be reversed. The circled 
ground symbol indicates merely on which side the 
grounded side of the power line should be connected. 
The resistance of the lamp does not affect the operation 
of the relay. 


Duncan G. Foster 


SWARTHMORE COLLEGE 
SWARTHMORE, PENNSYLVANIA 


sulted in a style which will appeal to the student, is easy to read, 
and at the same time sufficiently rigorous to meet the demands of 
any groups of students. 

The fifth edition involves considerable revision, especially as 
regards the size and structure of atoms, the early introduction of 
the periodic table accompanied by a thorough discussion, the 
introduction of hydrogen as the first element to be studied rather 
than oxygen, a more complete discussion of atomic energy and 
fission, and the early study of metals to support qualitative 
analysis in the laboratory. The above changes bring the book 
in line with present trends in the teaching of genera] chemistry. 
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The distinction between ionic and molecular compounds is pre- 
sented in Chapter 3. Quantitative concepts and problems in- 
volving chemical changes are introduced before symbols, formu- 
las, and equations. The laws of definite composition and com- 
bining proportions are first discussed, leading deductively to the 
concept of molecular weight, the quantitative significance of the 
chemical equation, and the determination of chemical formulas 
from analytical data. The above quantitative aspects of general 
chemistry are introduced in the first five chapters of the book. 
The first elements studied as a group are the halogens, followed 
by the alkali metals. Fifty pages are devoted to organic chem- 
istry. 

An excellent diagram is given of the atomic pile. Interesting 
features of the book include the method of presenting the uses of 
elements and compounds in tabular form, the discussion of alloys, 
the applications of colloidal phenomena, and the chapters on 
nutrition, chemotherapy, and plastics. 

Few errors were noted. The equation NaCl = H* + Cl~ is 
given on page 192. Some topics are discussed rather briefly; 
such as the solubility of water-insoluble hydroxides in acids, hy- 
dration of ions, freezing-point lowering, and boiling-point eleva- 
tion. In view of present knowledge it seems that the law of con- 
servation of energy, given on page 7, could have been stated in 
terms of mass and energy; especially since the statement of the 
law is thus qualified in the discussion which follows. Purely 
numerical quantities are used in the solution of most problems. 
The use of dimensions may help the student to better understand 
the problem and its solution. 

PAUL R. FREY 


Cotorapo A anp M 
Fort CoLorapo 


* ADVANCES IN RADIOCHEMISTRY 


Engelbert Broda, Dozent in Physical Chemistry in the Univer- 
sity of Vienna. Cambridge University Press, London, 1950. 
x+152pp. l6tables. 14.5 X 22.5cm. $2.75. 


Tuts small book reviews progress in radiochemistry in what 
might be called its modern era—the period beginning with the 
discovery of the neutron and the large variety of artificial activi- 
ties in mid 1930’s. The material is organized under the following 
chapter headings: Introduction, The Role of the Chemical 
Differences between Isotopes in Radiochemistry, The Distribu- 
tion of Tracer Quantities between Solids and Liquids, Tracer 
Quantites in Gases, The Electrochemistry of Radioelements, The 
Production of Radioelements by Nuclear Synthesis, The Chemical 
Aspects of Nuclear Fission, New Radioelements of Special Inter- 
est, Specific Radiochemical Effects, Chemical Excitation Due to 
Nuclear Reactions, and New Developments in the Technique of 
Radiochemical Measurement. 

Each chapter consists of a terse factual review of the subject, 
carefully documented with references, averaging more than 10 
per page of text. With the obvious exceptions of the first two 
chapters and the last, the subjects appear to be completely cov- 
ered and therefore this book will find use as a key to the literature 
for those already acquainted with the general features of the sub- 
ject. : 

RUSSELL R. WILLIAMS, JR. 


University or Notre DaME 
Notre Dame, INDIANA 


* COLLEGE CHEMISTRY 


Herman T. Briscoe, Professor of Chemistry, Indiana University. 
Fourth edition, Houghton Mifflin Co., Boston, 1951. vii + 564 pp. 
285 figs. 29 tables. 19 X 25cm. $4.50. 


Previous users of Dean Briscoe’s very substantial text will be 
pleased with its new clothes. Binding, paper stock, and typog- 
raphy are excellent and of modern style. The double-column 
format has been retained. 

When a general-chemistry text revision is shorter than its prede- 
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cessor that is news—good news—and this fourth edition is 29 
pages shorter than the previous edition. It is unnecessary to 
discuss in detail the contents of a book that has had such wide 
usage for so long. The principal changes found in this edition 
consist of some minor changes in order of topics, the rewriting of 
certain sections, some deletions of obsolete processes, and the 
addition of a new chapter on natural and synthetic organic prod- 
ucts. Former Chapters 8 (Molecular Weights) and 9 (Atomic 
Weights and Combining Capacity) are combined into one new 
Chapter 8 (Molecular and Atomic Weights). Former Chapters 
11 (The General Classification of Compounds) and 13 (Classifica- 
tion of the Elements) have been rearranged and the materia] 
appears for the most part as Chapter 10 (The General Classifica- 
tion of Elements and Compounds). The discussion of nuclear 
reactions has been extended to include the transuranium elements 
and tracer techniques. Newer applications of antibiotics and 
silicones, and other similar topics, have been introduced at 
appropriate places. The discussion of combining proportions has 
been rewritten and simplified. 

The modifications of this well received text should make for 
smooth presentation of the material. Previous users of this text 
will welcome this revision and it should make many new friends, 

FREDERIC B. DUTTON 


State 
East MicuHiGAN 


a GENERAL COLLEGE CHEMISTRY 


Joseph A. Babor, Professor of Chemistry, and Alexander Lehr- 
man, Associate Professor of Chemistry, College of the City of 
New York. Third edition. Thomas Y. Crowell Co., New York, 
= xvi + 800 pp. 166 figs. 9 tables. 16 X 23.5 cm. 


Tuis is the second revision of the well-known text with the 
same title, written in 1929 by Professor Babor and revised in 1941 
by the present authors. As in the former edition the text is said 
to be designed primarily for the more able and scientifically 
minded students. 

The general plan of the book is much the same as the second 
edition with changes as needed to bring it up to date, including a 
chapter on nuclear chemistry. The first 20 of the 42 chapters in 
the book are given over to a consideration of gases, atomic- 
molecular hypothesis, energy in chemical reactions, chemical 
equilibrium, atomic structure, electron distribution and valence, 
solids, solutions, ionization, and ionic equilibria, with the usual 
chapters on hydrogen, oxygen, water and hydrogen peroxide, and 
the atmosphere included. The next nine chapters take up the 
descriptive chemistry of the nonmetals, including a chapter on 
oxidation-reduction and one on colloid chemistry. This is fol- 
lowed by 10 chapters discussing the common metals, a chapter 
on the electrochemical cell, one chapter on nuclear chemistry, 
and one each on organic chemistry and nutrition. 

The revised edition is up to date in its treatment of atomic 
structure concepts and their applications. Electron distribution 
in the orbits is clearly shown by figures and tabies although no 
mention is made of subshells. Mass number is used in a table on 
page 130 without being defined elsewhere in the book. 

The figures in the text are accompanied by brief descriptions 
as well as titles to provide the reader with sufficient detail for them 
to be self-explanatory without reference to the text. Many of 
the illustrations are three dimensional drawings. A few drawings 
of molecular structure are included. 

The revision contains extensive exercises, numerical problems 
with answers, and a reading list at the end of each chapter. The 
reading list includes references not only to books but to numerous 
journal articles including many in the JouRNAL oF CHEMICAL 
Epucation and a few in such magazines as Fortune, Chemical 
Age, and Chemical Products. Sometimes the author and title of 


the journal article are given, as well as the volume and page, but 
the practice is not uniform. 

Although the stoichiometric problems are well treated with 
numerous illustrations and problems, the space and importance 
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iyven to other types is very brief. For example, calculation of 
pH from hydrogen ion concentration is described at length but 
only a few pages are used to describe the calculations from ioniza- 
tion constants and solubility products. Only three numerical 
problems involving solubility product are given. Nothing is said 
about activity coefficients, even though they are included in the 
authors’ shorter book, “Introductory College Chemistry,” 
second edition. 

The appendix is in twelve sections, which include many useful 
tables such as metric system, vapor pressure, solubility product, 
freezing mixtures, bead tests, alloys, solubilities, isotopes, discus- 
sion of mathematical operations, and four-place logarithm and 
antilogarithm tables. 

The many years of experience of the authors in presenting 
general chemistry has resulted in a well-written book. It should 
be given careful consideration by anyone selecting a text for a 
course in general chemistry in which it is desired to devote « large 
part of the first semester to the study of the principles of chemis- 
try. In its up-to-date revision it will be especially welcomed by 
the teachers who have used the earlier edition. 

L. REED BRANTLEY 


OcctpENTAL COLLEGE 
Los ANGELES, CALIFORNIA 


& THE SOLUBILITY OF NONELECTROLYTES 


Joel H. Hildebrand, Professor of Chemistry, University of Cali- 
fornia, and Robert L. Scott, Assistant Professor of Chemistry, 
University of California. Third edition. Reinhold Publishing 
Corp., New York, 1951. x + 488 pp. 138 figs. 110 tables. 
16 X 23.5cm. $10. 


Tue time is ripe for a textbook on the very important solu- 
bility phenomena. This volume, although it is written as a 
monograph on solutions, is an excellent textbook for a graduate 
course in solutions. It does suppose a good basic knowledge of 
classical thermodynamics and the ability to handle the mathe- 
matics used in thermodynamical calculations. Students taking 
a fundamental course in thermodynamics get for the most part a 
smattering of solution chemistry and this book is an extension of 
the thermodynamics of solution and the thermodynamics is well 
done. Most of the nonelectrolyte solution chemistry acquired 
by a student of chemistry comes mainly from a course in phase 
tule which is usually empirical and the question of thermody- 
namics is more or less divorced from the discussion. 

Graduate students majoring in physical chemistry and chem- 
ists in general, in this reviewer’s opinion, are not “educated” 
until they have mastered the fundamental principles of the physi- 
cal chemistry of solutions. Courses are given in this subject in 
most graduate schools but without a textbook. This volume 
will fulfill that need. 

The book has 23 comprehensive chapters embodying all types 
of nonelectrolyte solutions from the ideal case to solutions of 
high polymers. The second edition lacked the story of high 
polymer solutions which are so important at the present time. 

These chapters on solutions deal exclusively with the thermo- 
dynamic properties of mixtures and pure substances in phases in 
which the molecular environment is the same in all directions. 
The authors have extended the thermodynamic discussion of 
solutions to the interface between the main masses of two solu- 
tion phases. Also included in this new monograph is a chapter 
on polarity which very fittingly precedes one on solvation. These 
two chapters and the one pertaining to hydrogen bonding are as 
important to the organic as to the physical chemist. Each chap- 
ter which‘appeared in the second edition has been expanded both 
from the standpoint of data and from theoretical considerations. 

The authors are to be congratulated for this timely and much 
needed work in the field of physical chemistry. It is clearly 
written and as far as the bibliography is concerned, the authors 
did not ‘‘miss a trick.” 


FREDERIC C, SCHMIDT 


INDIANA UNIVERSITY 
BLoomineTon, INDIANA 
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e CHEMISTRY . . . KEY TO BETTER LIVING 


Edited and produced by the staffs of Chemical and Engineer- 
ing News and Industrial and Engineering Chemistry. 
American Chemical Society, Washington, D. C., 1951. xxi + 
244pp. Illustrated. 3lcm. $4. 


Tuts volume might well be used as a style manual or model for 
those engaged in preparing books or specializing in graphic art. 
But it is far more than that. It is primarily a history of chemistry 
in America during the past 75 years and of the interrelation of the 
American Chemical Society and the American chemical] industry 
as they have developed and progressed side by side during that 
period. A series of papers on chemical progress during the 75 
years since the founding of the A. C. 8. reviews the development 
of chemical science and its industrial applications and discusses 
the part the A. C. S. and its divisions played in the advancement 
of chemical knowledge and skill. This series was organized to 
subdivide chemistry roughly into the fields covered by the divi- 
sions of the A. C. S. and the order of presentation follows approxi- 
mately the chronological order in which the divisions were estab- 
lished. These histories are all written by outstanding leaders in 
the fields covered. 

A special feature of the book is “The First 75 Years” by 
Anthony Standen. This story, copiously illustrated, and written 
in the inimitable style of the author of “Science Is a Sacred 
Cow,”’ relates, as its title indicates, the significant developments 
of the first 75 years of the A. C. 8. and particularly the role the 
Society and its members played in the industrial chemical growth 
of the nation. A picture-caption story graphically presents this 
same 75-year period. Then there are sections written by well- 
known authorities who give a glimpse at our science and civiliza- 
tion. They discuss contemporary problems as the scientist, 
philosopher, business executive, and teacher envision them. 

In addition to the excellent make-up, arrangement, and typog- 
raphy, the volume is arrestingly bound in cobalt-blue cloth, 
lettered in genuine gold leaf with the A. C. 8. emblem attractively 
displayed on the backbone and outside front cover. This book 
should be a ‘‘must” in the library of every chemist and chemical 
engineer who is proud of his profession and his professional 
society, their beginnings, development, and progress during 75 
years, and their limitless opportunities. It should be a valuable 
reference in the libraries of industrial concerns, research labora- 
tories, and educational institutions. 


a THERMODYNAMICS OF IRREVERSIBLE PROCESSES 


S. R. de Groot, Professor of Theoretical Physics in the University 
of Utrecht. North-Holland Publishing Co., Amsterdam; Inter- 
science Publishers, Inc., New York, 1951. xvi + 242pp. 4 figs. 
16 X 23cm. $4. 


APPARENTLY this book is intended for an advanced graduate 
course. Its author assumes for his readers a knowledge of higher 
mathematics and a wide familiarity with thermodynamics and 
statistical mechanics. Although Professor de Groot modestly 
claims to be writing only a review of the recently developed theory 
of irreversible processes, a glance at the bibliography reveals that 
he himself must have made important contributions to the sub- 


ject. 

The first paragraph of the preface follows. ‘‘During the last 
ten years a macroscopic theory of irreversible processes has been 
developed into a more or less complete system. This theory is 
based on a double foundation formed by considerations which 
were put forward already before the systematic theory was formu- 
lated. In the first place the introduction of nonequilibrium 
thermodynamical functions gave rise to the setting up of an 
entropy balance equation in which the notions of entropy flow 
and of entropy production occur. In the second place the theory 
is rooted on the Onsager reciprocal! relations, macroscopic equali- 
ties, which are founded on the property of microscopic reversi- 
bility.” 

The chapter headings are: (1) Introduction, (2) The Onsager 
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Reciprocal Relations, (3) Systems of a Single Component, (4) 
Heat Conduction, Electrical Conduction, and Relaxation Phe- 
nomena in Continuous Single Component Systems, (5) Discon- 
tinuous Systems without Chemical Reactions, (6) Discontinuous 
Systems with Chemical Reactions, (7) Continuous Systems (Dif- 
fusion, etc.), (8) Thermo-electricity, (9) Chemistry, (10), The 
Stationary States, (11) Further Discussion on Foundations. 

Although the mathematical treatment in parts of the book 
probably is beyond most of us chemists, the presentation has 
been arranged to permit omission of 41 out of 82 sections. The 
41 sections are those on the statistical basis of Onsager’s reciprocal 
relations, and on other advanced or specialized topics. 


W. F. LUDER 
NorTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
& TECHNIQUE OF ORGANIC CHEMISTRY. VOLUME 


IV: DISTILLATION 


Edited by Arnold Weissberger, Eastman Kodak Co., Rochester, 
New York. Interscience Publishers, Inc., New York, 1951. 
xxvii + 668 pp. 294 figs. 98tables. 16 X 23.5cm. $14. 


Tuis book is a comprehensive, not to say encyclopedic, cover- 
age of distillation theory and procedures. Following an exten- 
sive discussion of distillation theory, the main subdivisions are: 
“Ordinary fractional distillation,’ ‘Extractive and azeotropic 
distillation,” ‘Distillation of liquefied gases and lJow-boiling 
liquids,”’ “Distillation under moderate vacuum,” ‘Distillation 
under high vacuum,” and “Sublimation.” In most sections 
there is a separate discussion of apparatus and procedure. Both 
large-scale commercial distillation and small-scale laboratory 
operations are described, in most of the book the emphasis being 
on precise laboratory work. 

The sections of the work have been prepared by a number of 
authorities yet they have produced a unified whole. Descriptive 
material is excellent, and sometimes deceptively simple appear- 
ing—an account of elementary apparatus, which one is tempted 
to call the same old stuff, being followed by a plunge into theo- 
retical consideration of the most advanced sort. 

References are cited in great detail, the summaries being well 
digested and given in sufficient detail so that in many cases refer- 
ence to the original article will not be needed. 

To everyone who wants to understand distillation thoroughly, 
particularly the research worker wishing to solve a difficult separa- 
tion problem, and the chemical engineer, the book should be in- 
valuable. 


CHARLES D. LOWRY 
Evanston, ILLINoIs 


LABELLED ATOMS 


Raymond Glascock. Sigma Books, Ltd., London, 1951. 227 
pp. 59 figs. Qtables. 13 X 19cm. $1.25. 


THE use of tracer isotopes as an investigative technique has 
been rather completely summarized in this handy sized book of 
somewhat more than 200 pages. The reader will do well to have 
an elementary background in both chemistry and physics before 
starting on the book. In the event that he has forgotten many 
of the details of his background, however, he will still profit by 
the reading, as the author has explained almost everything with 
very great care and clarity. A historical approach has been used 
throughout. Thus one is introduced to the techniques under 
circumstances of minimum complexity. 

The author begins his work with a discussion of the structure 
of the atom and the nature of radioactivity. Radioactive decay 
series and the nature of isotopes are explained. The use of 
tracer isotopes in solving simple chemical problems, such as in 
testing the Arrhenius theory of ionization, is taken up before pro- 
ceeding to the more extensive biochemical! applications. A clear 
distinction is shown between problems which are sometimes 
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handled by tracer isotope techniques but which could also be 
solved by chemical methods, and problems which could not be 
solved by any method were it not for the tracers. A different 
type of distinction is made between experiments which are jm. 
portant because they demonstrate the value of a technique and 
those that are important because of the conclusions. 

Some space is devoted to the production of artificial radioactive 
and stable isotopes and to their incorporation into the desired 
compounds. The use of inactive carriers when the labeled sub- 
stance is present in minute quantities is explained. 

The book contains excellent line diagrams some of which are 
used to augment descriptions which are perfectly clear even be- 
fore one looks at the diagrams. 

Good generalizations, made wherever possible, help the reader 
to organize the varied topics which are included. Most of the 
experiments described are in the fields of medicine and nutrition, 
but a few applications in inorganic and analytical chemistry are 
included as well as some in plant physiology and the value of 
fertilizers. 

The early construction of the Geiger counter is described and 
illustrated, along with several recent types of counters designed 
for special purposes. The Nier mass spectrometer is similarly 
described and illustrated although, surprisingly, the earlier spec- 
trometers have not been included. The sensitivity of the mass 
spectrometer is compared with that of the counter. 

Although bearing the publication date of 1951 the book evi- 
dently went to press before the author learned of the discovery of 
the man-made elements of atomic numbers 97 and 98, berkelium 
and californium. He stops his periodic table with curium of 
atomic number 96. This omission in no way detracts from a book 
which is a delightful summary of an important technique. The 
conclusions from biochemical experiments in which the technique 
has been utilized are well summarized but, of course, only as com- 
pletely as can be done in a small volume. 

CATHARINE BERGEN 


Strate Teacuers 
Jersey City, New Jersey 


e CLASSICAL MECHANICS 


H. C. Corben, Associate Professor of Physics, Carnegie Institute 
of Technology, and Philip Stehle, Associate Professor of Phys- 
ics, University of Pittsburgh. John Wiley & Sons, Inc., New 
York, 1950. xvii+ 388pp. 22figs. 145 x 22cm. $6.50. 


Tue classical theory of mechanics has received more attention 
than any other branch ‘of physics and its fundamental position 
with respect to all other physical theories has long since been 
taken for granted. Even though its principles have undergone 
radical revision through relativity and quantum theory, a thor- 
ough understanding of its basic ideas is still an essential prepara- 
tion for all serious research in modern pure and applied physics 
and chemistry. What is the justification for the appearance of 
a new work in this well-worn field? The authors of the volume 
under review aim to stress once more the basic assumptions of 
classical mechanics and in addition to point out clearly its limita- 
tions. They are principally interested in the subject as a back- 
ground to quantum mechanics and their choice of presentation 
and subject matter is governed accordingly. 

A rapid review of the topics treated will document the state- 
ment just made. These include Lagrange’s equations, scattering 
problems, linear vector spaces with applications to small oscilla- 
tions and the kinematics of rigid bodies, transformation theory 
of mechanics, and the Hamiltonian equations, as well as an intro- 
duction to the special theory of relativity. The degree of attain- 
ment required of the student who would study this material with 
profit is that represented by strong intermediate courses in me- 
chanics and electricity of university grade, or preferably a good 
introduction to theoretical physics on the elementary graduate 
level. The rather sparing use of figures will remind some readers 
of the celebrated boast of Lagrange in his ‘““Mechanique Ana- 
lytique.” 

Since the book contains no discussion of the mechanics of con- 
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tinuous media it will not provide an adequate preparation for 
students who desire to acquire competence in mechanics for use 
in such important modern fields as acoustics and elasticity. Even 
for those readers planning to go on to quantum mechanics some 
elementary considerations of quantum theory would have made 
the volume much more helpful. However, in the rather severely 
limited realm to which they have restricted their attention, the 
authors have produced a substantial and valuable work. 

R. B. LINDSAY 


Brown UNIVERSITY 
ProvipENCE, IsLanp 


e RADIOCHEMICAL STUDIES: THE FISSION 
PRODUCTS. BOOKS], 2, AND3 


Edited by Charles D. Coryell, Department of Chemistry, Massa- 
chusetts Institute of Technology, and Nathan Sugarman, Insti- 
tute for Nuclear Studies and Department of Chemistry, University 
of Chicago. Division IV, Plutonium Project Record, Volume 9, 
National Nuclear Energy Series. McGraw-Hill Book Co., New 
York, 1951. lxv + 2086 pp. 687 figs. 275 tables. 15.5 x 
23.5cm. $18.50 per set. 


TueseE three books provide a scientific and technical record of 
research carried out on the nation’s wartime Plutonium Project 
from May, 1942 to June, 1946 by members of the fission-product 
groups at Chicago, Oak Ridge, Ames, Berkeley, Bloomington, 
Hanford, and Los Alamos. The task of the fission-product radio- 
chemistry groups included the isolation and characterization of 
more than 100 new nuclear species formed in uranium and plu- 
tonium fission, extending over that section of the chemist’s 
periodic table from zinc (Z = 30) through gadolinium (Z = 64). 
When one recognizes that the chemical behavior of many of these 
elements, such as zirconium, niobium, molybdenum, ruthenium, 
and the rare-earth elements, had not been investigated exten- 
sively prior to 1942 and that the separation of these elements in a 
state of purity was often difficult to achieve, one begins to realize 
the magnitude of the task. Moreover, these new nuclear species 
had to be isolated in tracer amounts from highly radioactive and 
chemically complex mixtures and subjected to radiochemical 
purification involving separation factors as large as a billion, 
sometimes by remote-control processes and often within times of 
the order of seconds or a few minutes in contrast with separation 
times of the order of an hour often encountered in conventional 
analytical separation methods. 

The 336 research papers making up the three volumes cover 
not only the radiochemistry of the fission products, as the title 
of the volumes indicates, but also details of instrumentation and 
specialized techniques, as well as information on the physics and 
technology of the fission products and nuclear chain reactions. 
The topics covered are perhaps best indicated by listing the sub- 
divisions of the volumes: Part I, Counting Techniques; Part 
II, Chemical Studies at Tracer Levels; Part III, Remote-Control 
Techniques; Part IV, Studies of the Fission Process; Part V, 
Radioactivity of the Fission Products; Part VI, Radiochemistry 
of the Fission-Product Elements; Part VII, Special Studies of 
Gaseous Fission Products; and Part VIII, Radiochemical Studies 
of Other Activities. The editors have written an introduction to 
each of these parts in order to correlate the papers and acquaint 
the reader with the terminology and methodology required for an 
understanding of the papers in each subdivision. Each paper is 
preceded by an abstract. 

The volumes are completed by four appendixes: A, Fission- 
Product Decay Chains; B, Fission Yields; C, Nuclides Formed 
in Therma] Fission; and D, Author Index. An adequate subject 
index isincluded. The numerous figures have been well executed 
and most of the papers are well supported by tables of data. The 
volumes have been lithoprinted and are attractive in format and 
sturdily bound. 

There is inevitable overlapping of subject matter among some 
of the papers, and some conflict of results reported in different 
papers. However, the editors have carefully added footnotes as 
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well as references to the postwar literature so as to assist the 
reader in obtaining the best evaluation of the work reported. 
Cross references have been liberally used. Thus, the over-all 
result is to give the reader not only the benefit of the more recent 
results and their interpretation, but also a historical survey of 
the progress of this research during the years of World War II. 

These volumes should definitely be of considerable value to 
nuclear chemists and nuclear physicists, analytical chemists, 
chemical engineers, and reactor technologists, and to all who are 
interested in one of the more fascinating aspects of the nation’s 
atomic energy program. Especially valuable to radiochemists 
are the numerous detailed methods for the separation of tracer 
amounts of radionuclides. Although most of these methods re- 
late to separations from reactor-slug solutions and fission-product 
mixtures, the methods should be helpful to the radiochemist in 
working out his own separation problems. 

The editors undertook a monumental task in compiling these 
volumes and deserve the gratitude of their fellow scientists for the 
excellence of their product. This reviewer can well imagine 
their sighs of relief when their work was completed and the sin- 
cerity of their thankfulness which seemingly prompted the date 
of the volume editors’ prefaces Thanksgiving, 1950. 

CLIFFORD 8. GARNER 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


* CHEMISTRY OF ORGANIC COMPOUNDS 


Carl R. Noller, Professor of Chemistry, Stanford University. 
W. B. Saunders Co., Philadelphia, 1951. ix + 885 pp. 97 figs. 
28 tables. 16 X 24cm. $7. 


As READERS OF THIS JOURNAL will recognize, C. R. Noller has 
been foremost in advocating application of the molecular orbital 
theory to the teaching of organic chemistry. Exposition of this 
theory and a sane use of mechanisms are outstanding features of 
his text. The fundamental ideas on mechanisms are given in a 
separate chapter after alcohols and alky] halides are discussed. 
Thereafter, mechanisms are presented in fine print. 

The order of presentation in this text is neither traditional nor 
does it follow the presently popular concurrent treatment of ali- 
phatic and aromatie chemistry. After about 400 pages on ali- 
phatie compounds, 250 pages on aromatics and heterocyclics fol- 
low and then 200 pages on polyfunctional aliphatic compounds. 
However, amino acids and carbohydrates are discussed in the 
first section but the polyfunctional compounds such as acetoacetic 
ester are given a less prominent position (near the end) than has 
been customary with most textbook authors. Autoxidation, 
antioxidants, and organic peroxides, and silicon and phosphorus 
compounds have been treated at some length, indicating the 
growing importance of these topics in current thinking. Recent 
results on mechanisms in peroxide formation is not reviewed, 
however. - 

The author must have dug deep to find so many interesting 
details on industrial processes and the economic aspects of chem- 
istry since these are not easy to find. There are excelient sections 
on soaps, cellulose products, rubber, and other topics. It is good 
to see statistics on production for years later than 1940 again. 

While the most important name reactions appear, the names 
themselves are given secondary consideration, a step in the right 
direction. Since the names are indexed, this causes no undue 
difficulty in locating them. 

Short paragraphs on prominent organic chemists appear‘ng as 
footnotes present side lights which should provoke students to 
seek a wider historical background. The men’s names are in- 
dexed at the end of the book. 

The book as a whole is remarkably free of errors of fact and 
misprints are few. 

In appendexes, the Greek alphabet and a guide to pronuncia- 
tion taken from the News Edition, 12, 202 (1934), are given. 
Inside the back cover is an old short form of the periodic table. 

I can find little to criticise adversely in this text; I do not like 
the order of presentation but that is a matter of taste and the 
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chapters have cross references so that, after the first few, the 
ordet may be chosen. 
I have one quarrel with the author on terms and one on punctu- 
ation, the first trivial, the second important. In discussing 
stereoisomerism Noller uses the terms composition, constitution, 
and configuration. Since the words conformation and/or»con- 
stellation seem destined to enter the organic chemists’ vocabulary, 
it might be wise to abandon “composition” and ‘‘constitution” 
in favor of words or phrases already adequate. But the second 
quarrel cannot be dismissed lightly. Repeatedly the author uses 
the following sentence construction as illustrated by an example 
taken from page 89: ‘The great mobility of hydrogen, that is its 
ease of transfer from one electron-attracting element to another 
...” While I am not a strict constructionist on punctuation, 
the sense of this sentence cannot be garnered in one reading un- 
less “that is” is set off by commas. If the Latin signpost “id 
est”’ were used then one comma might be considered sufficient 
since the reader would have warning of what was coming. 


LEALLYN B. CLAPP 
Brown UNIVERSITY 
ProvipEnce, 


* MEDICINAL CHEMISTRY. VOLUME1 


Alfred Burger, Associate Professor of Chemistry, University of 
Virginia. Interscience Publishers, Inc., New York, 1951. xviii + 
577 pp. 15 figs. 57tables. 16 X 24cm. $10. 


VotumE 1 of this comprehensive treatise contains 28 chapters, 
to be followed by an additiona] 15 chapters in Volume 2. The 
first 6 chapters (72 pages) deal with subjects of a general nature, 
such as Relation of Chemical Structure and Biological Activity, 
or Physical Properties and Biological Activity. Beginning with 
Chapter 7, the reader is introduced to various selected groups of 
drugs. Descriptions of anesthetics, hypnotics, anticonvulsant 
drugs, analgetics, analeptics, cardiovascular drugs, and diuretics 
are followed by a discussion of drugs acting on the gastrointestinal 
tract, expectorants, adrenergic drugs and blocking agents, para- 
sympathetic stimulants, curare and curariform drugs, and anti- 
spasmodics. Chapters on antihistaminic drugs, diagnostic 
agents, antithyroid drugs, drugs for the treatment of cancer, and 
vitamins conclude Volume 1. 

It is an ambitious enterprise for one person to attempt to cover 
such a vast field singlehanded. The advantage of having only 
one author for such a treatise is that a much more uniform, com- 
pact, and even treatment of the various subjects is possible than 
could be hoped for if 28 specialists had collaborated in writing 
this volume. A disadvantage is—and the author seems to be 
aware of this—that one individual cannot handle equally well 
all the aspects of medicinal chemistry. Dr. Burger’s research 
work has dealt mainly with synthetic organic chemistry and his 
description of the organic chemistry of various drugs is, therefore, 
authoritative and exact. However, when the author leaves his 
field of specialization and discusses developments in neighboring 
sciences his statements are not always equally reliable. 

A table on page 19 states that Warburg’s respiratory enzyme 
was found to contain riboflavin. Biochemists call the riboflavin- 
containing enzymes “‘yellow enzymes’’ as differentiated from War- 
burg’s respiratory enzyme or cytochrome oxidase, which contains 
a hemin-type prosthetic group. On pages 256-7 plasma-acceler- 
ator globulin is persistently referred to as globin, which is the 
protein moiety of hemoglobin. On page 220 it is reported as a 
fact that chlorophyll absorbs odors and may be taken orally to 
preclude various body odors. However, the National Bureau of 
Standards and the National Institute of Health stated in 1944 
that chlorophyll was an inert ingredient in a certain household 
deodorant, and the ineffectiveness of chlorophyll preparations 
(taken orally) for control of perspiration odors was pointed out 
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recently by Dr. Killian at a meeting of the Society of Cosmetic 
Chemists. 

A statement on page 521 that carboxylase contains five atoms 
of magnesium fails to consider that only one atom of magnesium 
per mol of cocarboxylase was found by Kubowitz in Warburg’s 
laboratory. To describe carboxylase (which has the function to 
split pyruvic acid into acetaldehyde and CO.) as an enzyme which 
“transfers phosphoric acid to and from other participants in the 
carbohydrate cycles, for example adenosine triphosphate’’ is in. 
correct. The author apparently confuses this enzyme with other 
thiamine-pyrophosphate-containing enzyme systems, such ag 
pyruvic acid dehydrogenase. On page 522 structures of a thiol 
and a disulfide form of thiamine are shown with the statement 
that these compounds participate in redox systems during the 
biological utilization of glucose. There are no experimental 
facts to support such claims. 

The reviewer encountered only relatively few misprints in this 
book; for example: asculatory (page 319) should read ausculta- 
tory. The shortcomings mentioned above are not too serious 
and Dr. Burger’s treatise is quite useful to anybody who wishes to 
have a compact survey of the field of medicinal chemistry. 


OTTO SCHALES 
ALTON OcHSNER MEDICAL FouNDATION 
TuLane University ScHoou or MEDICINE 
New Or.eans, 


* THE QUANTITATION OF MIXTURES OF HEMO- 
GLOBIN DERIVATIVES BY PHOTOELECTRIC SPEC. 
TROPHOTOMETRY 


Francis T. Hunter, Associate in Medicine, Harvard Medical 
School; Associate Physician and Clinical Pathologist, Massachu- 
setts General Hospital, Boston. Charles C. Thomas, Springfield, 
Ill., 1951. xx + 226 pp. 6 figs. 44 charts. 16 X 23.5 cm. 
$8.50. 


Tuis small book is directed to biochemists, especially those in 
medical schools. The specific objective is the popularization of 
spectrophotometric methods. The illustrative examples are 
polycomponent systems containing hemoglobin derivatives. 

There are essentially two parts to the book, the description and 
charts. The first half of the descriptive material (Part I, 34 
pages) deals with the general principles, including the theory of 
spectrophotometric measurement of polycomponent systems, and 
the construction of various kinds of calibration curves and nomo- 
graphic calculative aids. The remaining descriptive material 
(Part II, 44 pages) consists of operating directions for determining 
oxyhemoglobin, hemochromogen, carbon monoxide saturation, 
oxygen saturation, neutral methemoglobin, hemoglobin pigments 
in serum, and erythrocyte volume. 

Appendices I and II comprise most of the second half of the 
book, some 100 pages being devoted to transmission curves, 
simple calibration curves based upon such data, information on 
the experimental conditions (but without cell thickness), and 
nomographic aids. All data are for the Cenco-Sheard Spectro- 
photelometer. Isosbestic is not spelled correctly. 

Two ususual usages are the plural form, millimicra, and quanti- 
tation for the analyst’s word, determination. The reviewer 
would have preferred closer adherence to the symbols recom- 
mended by the Society for Applied Spectroscopy (and other 
groups). The few references would be more convenient as foot- 
notes on the pages cited. The work of E.S. Miller, F. P. Zscheile, 
and E. I. Stearns on polycomponent systems might have been 
mentioned, especially Stearns’ use of log log ordinate plotting. 


M. G. MELLON 


PurbveE, UNIVERSITY 
LAFAYETTE INDIANA 
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Just published! 


PULP AND PAPER 
Chemistry and Chemical Technology 


In two volumes. CONTENTS 
By JAMES P. CASEY, Director of Technical Service, A. E. Staley Volume I: 
Manufacturing Company, Decatur, Illinois. Formerly Associate Pro- 


fessor of Pulp and Paper Manufacture, State University of New York, 


Hemicellulose. 
College of Forestry, Syracuse, New York. ‘ tee. 
Volume |: PULPING AND PAPERMAKING 3. Pulpwood. 
819 pages, 100 illus., 99 tables. $15.00 4. Pulping. 
5. Bleaching. 

Volume Il: CONVERTING Ready May, 1952. 6. Fiber Preparation. 

The author has presented his material in fundamental terms, but 7. Nature of Fiber 
has bridged the gap between theory and practice. This middleground Bonding. 
is the fertile field in which the transition of the paper industry from a 8. Sheet Formation. 
craft to a science takes place. The new concepts of cellulose and lignin, 9. Filling and Loading. 
the host of new sizing agents, coatings, adhesives, fillers, etc., warrant 10. Internal Sizing. 
considerable study by all chemists in the paper and allied fields. A 11. Surface Sizing. 
thorough-going understanding of the chemistry of these new materials, 12. Wet Strength. 
as well as older, more familiar ones, will open new possibilities in the 13. Coloring. 
paper field. It is with these ideas in mind that the present book has 14. Microbiology. 
been written. 15. Water. 


THE LIPIDS 


Their Chemistry and Biochemistry 


In two volumes. 

By HARRY J. DEUEL, JR., Dean, Graduate School, and Professor of 
Biochemistry, University of Southern California, Los Angeles, Cali- 
fornia 


- Volume |: CHEMISTRY 


1008 pages, 102 illus., 341 formulas, 204 tables. $18.50 
Volume Il: BIOCHEMISTRY In preparation. 


The biochemical and technological significance of lipids and their physiological behavior has been 


made the subject of literally thousands of investigations. In these are reflected the approaches of the 
classic organic chemist, the technologist, the physiologist, and the nutritionist, among others. Dr. Deuel 
has integrated the results of all these studies into a well organized and well balanced unit and has suc- 
ceeded in presenting a book that will become the standard text and reference work for all serious stu- 
dents of the field for years to come. 


COPOLYMERIZATION 


(High Polymer Series, Volume VIII) 


By TURNER ALFREY, JR., Physical Research Laboratory, The Dow 
Chemical Company, Midland, Michigan, JOHN J. BOHRER, Inter- 
national Resistance Company, Philadelphia, Pennsylvania, and H. 
MARK, Director, Institute of Polymer Research, Polytechnic Institute 
of Brooklyn, New York. 

280 pages, 77 illus., 41 tables. $6.80 


Copolymerization has developed into one of the most important operations for the manufacture 
of plastic with predetermined properties. Through a series of scientific investigations that have concen- 
trated mainly at Polytechnic Institute of Brooklyn, at the University of Notre Dame, and at the labora- 
tories of the U. S. Rubber Company, the empirical approach has been replaced by a number of scientific 
concepts for the understanding and steering of this process. 

The present book is the first systematic account of all of these investigations given by experts who 
are closely connected with the development of this branch of polymer science. Emphasis has been 
placed on investigating the composition and structure, especially the monomer distribution, in such 
systems. It analyzes in detail the reaction mechanism of copolymerized systems. Resonance and poly- 
merization problems particularly are taken into account. 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, RN. Y. 
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LABORATORY STIRRER 


High-Torque + Variable Speed 


.The Eberbach Power Stir is a popular, inexpensive 


stirrer which develops unusually high torque through 
a 17 to 1 gear reduction drive. Without load the 40 
HP motor drives the 4” chuck between 500 and 2400 
r.p.m. Plastic knob controls speed and off-on switch. 
Mounting rod )% x 9” facilitates adjustment on any 
support. Many laboratories have standardized on 
the Power Stir because of low initial cost, excellent 
performance and ready availability of replacement 
parts. For 115 volt AC or DC Cat. No. 77-836 sells 
for $29.00. Stainless steel stirrers are available. 
Write for bulletin 270-H. 


SCIENTIFIC 
INSTRUMENTS 
Q Q E-RPPOROTUS 


ANN ARBOR. MICH. 


& | 


Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide, cis- 
Acridine Hydrochloride; Adenosine Diphosphate; 

Adonidine; Alanviglycine; Alkaloids; 4-Amino: Amylase; 
i 


Aconitic Acid 


Anserine; Arachidic Acid; Arachidonic Aci 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic A 


Carnosine; Catalase cryst.; Cellulase Acid; 
Cery foroanilidophos- 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 


Alcohol; a-Chloralose; 8-Chloralose; p-Ch 


FEATURES 


Constructed of 18-8 Stainless Steel, with 
No. 4 satin polished finish, © Easily ac- 
cessible control compartment on end ¢ 


cid; Carbo- 


tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Erucic Acid; 
dl-Ethionine; Ethylenediamine Tetraacetic Aci Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucosscorbic Acid; Gluco- 
sides; Glucuronides; Phosphate; Glycylglyeyiglycine; 
Glycylleucine; Glycyltryptophane; Glycylityrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12- -Hydroxystearic acid; lodoacetamide; 
Acid; Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lectobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; B-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’. Naphthy!l Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Schingomyelin; Sphin- 
gosine; Stilbemidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
rol; §8-Tocopherol Phosphate; +7-Tocopherol Ph 
tigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone PlLozo 7-6317 


Adequate insulation ¢ Long-life Heating 

Elements © Rugged, hydraulic Thermo- Series 
stats accurate to + 0.5 C © Various types 21-20 
of covers available for diversified work. 


ACME is a top 
source of supply for 
Autoclaves, Water 
Baths, Incubators, 
Automatic Pipette 
Washers, Sterilizers, 
Cabinets, Shaking 
Machines, and other 
apparatusandequip- 
ment, 


catalog 


CME ipment is available through all recognized 


Write Dept. P for our new 


ACME Utility Constant 
Temperature Bath 


The economical price and the exclusive ACME designed fea- 
tures should be deciding factors in specifying the ACME Bath. 


ACME LABORATORY EQUIPMENT CO. 


506 W. 124th St., N. ¥. 27, N. Y. 
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3 OF THE MORE THAN 3 500 EASTMAN ORGANIC CHEMICALS 


No piperidine drought... 


CH: 
Hz H, 
bu, Hz 


N-Ethylpiperidine (Eastman 5866) 
forms a 99+ & pure salt of penicillin 
G from penicillin G of purity as low 
as 80%. Several years ago a method 
using this fact was officially accepted 
for the certification of crystalline 
penicillin G. We shall be glad to 
send you an abstract of it. It was 
fortunate for penicillin-determiners 
that at the time we made up a goodly 
quantity of N-ethylpiperidine, for 
shortly thereafter (the reasons being 
buried in complicated chemical in- 
dustry economics) the piperidine 
from which it is made simply disap- 
peared from the bulk chemical mar- 
ket. The danger of exhausting our 


stock of N-ethylpiperidine is now 
past, however, for we have just had 
a batch of piperidine synthesized to 
our order by a bulk chemical pro- 
ducer. It’s ready also for those who 
need piperidine itself. 


No vague end-point... 


Methyl Orange-Xylene Cyanole Solu- 
tion (Eastman 2216) is a new entry 
you'll find in a new revision of the 
Eastman Indicator Chart, a work you 
probably first encountered along 
about your sophomore year. The 
xylene cyanole is a blue dye that con- 
verts the familiarly vague yellow- 
through-orange-to-pink color 
change of methyl orange to a much 
more sensitive change from green to 
magenta in the course of three drops 
at pH about 3.8. (The new chart is 
11” x 14”, gives preparation direc- 
tions, and should be easier on the 
eyes in looking up what indicator 
goes through what color change 
over what pH range. We'll be happy 
to send you a copy with our compli- 
ments.) 


No peanuts... 

sCOOH 

Arachidic Acid (Eastman 2538) gets 
its name from Arachia hypogaea, the 
peanut, which fact naturally would 
suggest peanut oil as a source. This 
turns out to be a poor hunch if you’re 
after a pure compound because you 
have the problem of separating out 
this one particular Cy fatty acid. 
We find it’s easier to start with octa- 
decyl alcohol, halogenate, treat with 
ethyl malonate, hydrolyze, decar- 
boxylate, and there we are. It would 
be interesting to know how the pea- 
nut does it. The product’s prime 
value is in studies of variation in fat 
properties with chain length. It 
could also make a very hard and 
very expensive soap. 


Besides these three, there are over 
3500 other organics you can get 
from Distillation Products Indus- 
tries, Eastman Organic Chemicals 
Department, 613 Ridge Road West, 
Rochester 3, N. Y. (Division of 
Eastman Kodak Company). 


Eastman Organic Chemicals 


for science and industry 


Also...vitamins A and E...distilled monoglycerides... high vacuum equipment 
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Outstanding HEATH texts 


Fieser and Fieser 
Organic Chemistry, Second Edition 


A thorough revision of ‘‘the finest one-volume 
treatment of organic chemistry in the English 
language.”” The many improvements include 
the addition of two new chapters—‘ Reaction 
Mechanisms” and “‘Heterocyclic Compounds.” 


Hopkins and Bailar 


General Chemistry for Colleges, 
Fourth Edition 


A new edition with greater emphasis on prin- 
ciples than in previous editions. 
ratory manual, Laboratory and Classroom Ex- 
ercises in General Chemistry, Sixth Edition, by 
Hopkins, Moeller, and Tamres. 


William C. Oelke 


Semimicro Qualitative Analysis 


Divided into two major sections: Part I con- 
tains chemical theory requisite to a thorough 
understanding of qualitative analysis: Part II, 
laboratory directions and application of theory. 
Part I is arranged to correlate with Part IT. 


James W. McBain 
Colloid Science 


Contains a comprehensive introduction to the 
subject and its applications. Highlights a new 
systematic approach and synthesis, simply 
stating all concepts and present trends. 


D.C. HEATH 


and 


Company 


Sales Offices: 
New York, Chicago, Atlanta, San Francisco, Dallas 
Home Office: Boston 


With labo-.: 


GET THE HABIT OF USING 


THE POLYETHYLENE 
ROD 


This indispensable laboratory tool 
is a general purpose stirring rod 
of flexible, chemically inert poly. 
ethylene, moulded in one piece 
and stiffened by a wire within 
the % inch rod. A thin fan 
shaped paddle is on each end, 
by virtue of which it is also 
capable of functioning as a 
policeman of unique and 
superior characteristics. 
Though intended primar. 
ily for use at room tem- 
peratures, it may be 
used for short periods 
at temperatures up to 
100 degrees centi- 
grade, 


@ Available in 
two convenient 
lengths. 


@ Unbreakable and 
never causes scratching 
of glassware. 


@ Rod may be bent into 
any form to suit your 
requirements. 


@ Paddles can be trimmed 
with scissors or knife to 
any desired shape. 


@ Order your stock of 
NYLAB “Police Rods’ 
today. 


TORY SUPPLY CO.,INC) 


NEW YORK LABORATO 


Varick Street —New York 13,N.Y. 
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BARNSTEAD 
DEMINERALIZERS 
PROVIDE LOW-COST 


PURE WATER 


for ¢ Electroplating © Anodizing 
© Photographic Solutions 
© Salt-free Rinse Water ¢ Silvering 
And Hundreds of Other Applications 


r, 1982 


Four-bed Barnstead Demineralizer 
produces pure, sparkling-clear rinse 
for pharmaceutical plant. 

gal/' 


Barnstead Four-Bed 
Demineralizer provides pure 
water for hot seal tank in 
anodizing. 30 gal/h. 


Four-bed Barnstead Demineral- 
izer providing pure, high resistance 
water for electronic mfgr. 1000 gal/h. 


Demineralizer, Used 
1000 gal/h. 


Selection of the best size and type of demineralizer for 
your operation depends on the nature of your raw 
water supply, flow rate needed, daily demand, and 
degree of purity required. Send a sample of your 
water to our Laboratory and Barnstead Engineers will 
perform the necessary analysis without obligation. 


PROMPT DELIVERIES WRITE FOR FREE CATALOG 


STILL & STERILIZER CO. 


Two-bed 
in 
large automotive plant. 


65 Semen Terrace, Forest Hills, Boston 31, Mass. 


Let 
the 


AUTOTRATOR 


RELEASE ONE OF YOUR MEN 


FOR OTHER WORK 


The new Coleman AUTOTRATOR re- 
duces costs and increases output of the 
laboratory through AUTOMATIC titra- 


tions! Relieves laboratory personnel of 
strain and fatigue! 


VERSATILE. Will conduct any titration . . . AUTO- 
MATICALLY .. . in which the end point can be related 
to an electrode ‘potential. This includes neutralization, 
oxidation-reduction, precipitation, and complex-forming 
reactions. 


UTILITY. Uses standard laboratory accessories. The 
Automatic Burette Valve and Burette mount on an ordinary 
ring stand, with standard clamps. 


the end of titration. 


3532JC AUTOTRATOR . . Coleman Model 19. With 
Unit, Burette Valve, beaker support, titrant delivery tube, parts ki 

Buffer Tablets and cable for connection to Model 18 pH oR anata 
For 115 volt, 50/60 cycle operation. $310.00 


3530J3C Coleman A.C. pH METER .. Model 18. With screw top 
glass and reference electrode. For 100/ 140 — 50/60 cycle cur- 
rent line. NO BATTERIES are With enpaneee com- 
pensator. For both pH and M Millivolt readings. In smooth plastic 


selected mixing 
reagents ym the stirrer, locks the Burette Valve, and 


ASK for WACO Catalyst, Vol. 
9-JC . . . describing the COMPLETE 
COLEMAN (Instrument line, and 
NEW accessories! It's a handy book! 
This catalog shows complete time- 
saving set-u Many of them are 
exclusive with Waco. See the entire 
Coleman line, all set-ups needed for 
operation of these instruments, and 
prices. 


WILKENS ANDERSON 


4525 DIVISION ST CHICAGO 51 
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FILTER PAPERS 


for Every Course 


Heads of Chemistry Departments 
and others responsible for selecting 
Filter Papers have found it advisable 
to specify WHATMAN Filter Papers 


exclusively. 

There are grades for General 
Chemistry, 
Quantitative Analysis, Organic and 


Qualitative Analysis, 
Physical, as well as for the require- 
ments of the Medical School, Home 
Economics School and other campus 
users of Filter Paper. 

The students benefit from using 
WHATMAN Filter Papers since they 
will almost invariably find WHAT- 
MAN used in the laboratories of 
Industry and Research in which they 
will be employed after graduation. 

If you have not standardized on 
WHATMAN already, write direct to 
us for samples and recommendations 
of the grades to use in each course. 

Remember, your dealer has WHAT- 
MAN in stock or can get it for you 


promptly. 


H. REEVE ANGEL & CO., INC. 


52 Duane Street, New York 7, N. Y. 


FILTER PAPERS 


Photometers 


Klett-Summenrson 


No. 900-3 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 


which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


a 
KLETT SCIENTIFIC PRODUCTS—————} 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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From our versatile line of high quality 


PALO LABORATORY STIRRERS 
=©€ with COMPLETE Speed Control 


DIRECT DRIVE STIRRER DIRECT DRIVE STIRRER Write for 
One of the most powerful laboratory stirrers aie 
available—a sturdy, direct drive stirrer offer- A direct drive stirrer suitable for Botlesin 2006h. 


the majority of the laboratory's 
stirring operations. An inexpen- 
sive and thoroughly reliable unit. 


ing the power and stamina necessary for the 
heavier stirring applications. Can be used 
for many semi-industrial jobs. 


@ Rheostat speed control 
© 0 to 8000 RPM 
e 1/100 HP 


@ Continuous duty 


¢ 1/12 HP motor 


e Table-top speed 
control rheostat 


e@ 0 to 5000 RPM 


@ 5/16” true 


running chuck @ Stainless steel mounting 


@ Continuous duty rod 
@ Stainless steel M 6 eu't 
odel 7605E 545. 14" true running chu Model 7605 
© Used with any in @ Can be mounted on any 
laboratory support sso scl laboratory support ‘9 9 55 
Descripti 
110 volts, AC-DC Bulletin 5404R. 110 volts, AC-DC 


See Your Regular fey Dealer 


| | | PALO 


“ 81 Reade Street, New York 7, N. Y. 


“JUDGE” 
BALances 


Take a tip from experienced technicians who 
have judged and used 2 analytical bal- 
ances. They appreciate the exclusive features, 
smooth operation, solid feel of built-in quality 
and accuracy. Be your own Judge! 


Try the “2 Way’ test 


1. Compare the ease of operation and quick re- 
sults obtainable, that only aD exclusive 


features offer. 


2. Compare the modest price with any other Type AN-2012 . . $290.00 
balance tendered today. 1/20 mg sensitivity 200 gram capacity 
Request Catalog 
Fill in and mail this coupon today! : { AMERICAN BALANCE CORPORATION a 
— — 408 Potter Avenue, New Rochelle, N. Y. 
ee : bs I would like to have a free trial opportunity to conduct { 
: : my own “2 way” test of the balance in our laboratory. 
_ AMERICAN BALANCE ine ! 
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‘AMERICA S FINEST ANAL YTICAL FILTER PAPERS 
RELATIVE VALUES OF RETENTION OF 
S & S ANALYTICAL FILTER PAPERS 4 A 
Ash.Free Papers Other Grades 
Accurate Quantitative Analyses 
| | . with S & S “‘Ash-Free”’ Series Pitt: 
of § 
100 + 100 ro e Ash content equal to or lower than that of the best tng 
507 3 ES, bo e e European double-acid-washed papers @ Ash content mov 
controlled by strict laboratory supervision 8 grades to 
™ from extra dense for the finest precipitates to soft for mon 
= 402 rapid filtration of gelatinous ppts @ Standardized to In 
Poaceae e meet individual requirements in work of greatest ac- 08 
+ curacy @ Circle diameters 5'/2 cm to 18'/. em; weight 
60 2 ; _ of ash content minus 0.02 mg to minus 0.20 mg for the the 
aie Shark Skin e largest. temy 
q moderately)! For test samples, send information on individual requirements. 
Stine Crystals 407597 & 497 Cole 
589 WRITE FOR LATEST CATAL 
White Ribbon s OG 
IGN FOS 
SCHLEICHER & SCHUELL CO. color 
20 43 DIS 20 peric 
604 & 408 e Keene, New Hampshire 
60: and 
589.14 rocpitates 410 class 
ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
selve 
paris 
Furt 
We 
wick 


top. No glare. 


No reflection. 


ILLUMINATOR 


The only balance illuminator which fits all the newer types 
of analytical balances of the major makers of balances— 
Christian Becker, Seko, Voland and all the others. Re- 
quires no moving or tilting when removing either front or 
back panel for weighing, cleaning, or adjusting. Remains 
in same position for all operations. 
illumination to every figure and to every part of the 
balance. Space-insulated to prevent heating. Sheds light 
through glass top. Needs no screw or clamp to hold its 
position. Rubber rests give absolute protection to glass 
Self-contained ballast, 
scientifically insulated, is free from hum and magnetic 
distortion. 


THE CHEMICAL RUBBER CO. 


Gives an even, full 


Catalog No. 619-5 


Beautifully finished to conform to the finishes of the 
new balances. The fluorescent unit itself is easily and 
quickly removable by pressure on a thumb slide at 


each end. None better in construction. None so 
good in service. PRICE $15.00 
COMPLETE 


2310 SUPERIOR AVE., CLEVELAND 14, OHIO 
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An ingenious magnifier which simplifies 
thermometer reading is available from 
Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. Equipped with a pair 
of spring clamps, it is easily snapped onto 
any standard thermometer. It can be 
moved up or down to any desired position 
to magnify a 2-in. section of the ther- 
mometer. 

Instead of peering closely at the ther- 
mometer, the operator can take a reading 
from a distance of 6 ft., and from an angle. 
A hairline, engraved across the center of 
the magnifier, can be set at the desired 
temperature to serve as a reference point. 


Color Slides of Atoms 


There is available a set of 100 2- X 2-in. 
color slides, one slide representing the 
periodic table, 98 representing each atom, 
and one key slide. Useful for focusing 
class attention on any one element or 
group of elements, these slides lend them- 
selves to lecture-room discussion or com- 
parison of the characteristics of the atoms. 
Further information can be obtained from 
W. M. Welch Scientific Co., 1515 Sedg- 
wick St., Chicago 10, Ill. 


Blotting Paper Test for Water in 
Alcohol 


Small quantities of water in alcohol 
can be detected merely by putting some 
alcohol on a specially treated strip of blot- 
ting paper. This new and delicate chro- 
matograph test developed by Dr. J. E. C. 
Stringer of Vickers-Armstrongs, New- 
castle-on-Tyne, England, and reported to 
the journal Nature, is expected to deter- 
mine from one-tenth to one-half per cent of 
water in alcohol used for chemical pur- 
poses. 

The alcohol being tested is allowed to 
soak up through a strip of blotting paper 
which is impregnated with two chemicals. 
The alcohol first reaches a zone of iron sul- 
fate, which is dissolved in the water and 
notin the aleohol. When this salt, picked 
up by the water, reaches the area contain- 
ing potassium ferricyanide, a blue color- 
ation consisting of ferric ferrocyanide is 
produced. The extent and intensity of the 
coloration depends upon the amount of 
water present. 


PH Indicator 


New line-operated pH indicator and 
vacuum tube voltmeter, developed by 
Leeds & Northrup, 4934 Stenton Ave., 


Philadelphia 44, Pa., is unaffected by nor-’ 


mal fluctuations in line voltage or by zero 
drift of the amplifier. A converter-type 
Instrument, its circuit employs d.-c. to 


a.-c. conversion, a.-c. amplification, and 
conversion back to d. c. for voltage feed- 
back. Conversion stabilizes zero; feed- 
back stabilizes gain. 

Used as a pH indicator, the instrument 
reads directly in pH; makes glass electrode 
measurements to within +0.02 pH on 
grounded or ungrounded solutions. Con- 
tinuous pH 0 to 14 scale eliminates range- 
changing. For manual laboratory use, 


temperature compensator is graduated 
from 0° to 100°C, in 2° steps. If the in- 
strument is used as a continuous indicator 
on industrial process pH, automatic tem- 
perature compensation can be provided. 

As a vacuum tube voltmeter, the new 
indicator can be used with any high or low 
impedance electrode system which de- 
velops potentials within range of the in- 
strument, External circuits can have up 
to 2000 megohms resistance. Current 
drain does not exceed 1 X 107! ampere at 
nul] balance. Four additional voltage 
scales of 0 to +700, 0 to —700, 0 to +1400, 
and 0 to — 1400 millivolts are available for 
redox, potential, and polarized current 
measurements. 


New Literature 


“Laboratory Specials” is the title of a 
new publication published periodically by 
Aloe Scientific, a Division of A. S. Aloe 


advantages offered 
by Tygon flexible pla: 
Leboratory Tubing. 
Tygon is non-toxic, 
imparts nor absorbs unw t 
“tastes or odors. Tygon is inert. 
chemically. Tygon is glass sme 


inside and out. Tygon is elastic and 


resilient. Tygon is tough, durable 


_non-oxidizing. Tygon is sterilizable 


chemically or by auto claving 
‘Tygon is the preferred T 


Please mention CHEMICAL EDUCATION when writing to advertisers 


| 
= 
: e Sag 
Selution vis- K 
ibility is but 
? 
: 
for it by name. by g, 
RY, 1952 
35 


+. for rapid, accurate preparation 
of Volumetric Solutions. 


... Laboratories requiring speed and accuracy are 


using Acculute with 


ACCULUTE SAVES TIME — Open the ampoule — transfer the con- 
tents to a volumetric flask — dilute to volume (1000 ml) — your 
volumetric solution is prepa: 
ACCULUTE IS RELIABLE — Close control of the special manu fac- 
turing processes insures uniformity of the product. Acculute 
does not vary in chemical content — you can depend on it. 
ACCULUTE IS ACCURATE — Each ampoule contains the precise 
concentrated equivalent of the normality stated on the tab label. 
There is no need for subsequent standardization. 

Caustic solutions are supplied in wax ampoules, others in 
chemically resistant glass. 

Complete instructions for preparing Acculute solutions are 
furnished with each unit. 

A special bulletin, listing Acculute concentrates with prices 
and discounts will be sent on request. 


PAPERS 
Simple 
Rapid 
Accurate ‘ 


Accutint is simple to use — just place a strip of the paper in contact 
with the substance to be tested and compass the color of the exposed 
portion with the master colors on the vial 
Accutint is rapid—it gives immediate results—no calculations are 
— visual color indicates the pH value. 
Accutint is accurate—to 1 ' Si in the wide range paper and to 
0.3 pH in the fractional ra ide range papers are recommended 
where the pH value is not lent to be within the limits of a frac- 
tional range paper. Fractional range papers are used for greater ac- 
curacy after the range has been determined. 
$-65277 ACCUTINT TEST PAPERS. ae on in glass vials, each vial 
contains five pads or 100 stripe. Color chart instructions are in 
10% Discount 


cluded with each vial. Per Vial 

Per 72 Vials 

$-65278 MASTER COLOR read- 
ings for every pH value in each of the twenty-three wide and frac- 
tional ranges. helps in the selection of the most suitable ranges 
or papers for a specific purpose. Each $1.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


THE 
SYNCHRO-LECTRIC 
VISCOSIMETER 


The Brookfield Synchro-Lectric Viscosimeter 
meets the demand for a_ rapid, _ effi- 
cient, accurate method of making viscosity 
determinations adaptable to both labora- 
tory and factory control work. 


The principle upon which this instrument 
operates is the measurement of the drag 
produced upon a cylinder or disc rotating 
at a definite constant speed while im- 
mersed in the material under test. A syn- 
chronous motor assures unvarying speed, 
and the torque measuring unit (a beryl- 
lium copper spiral spring) and affiliated parts 
are amply protected against strain, thus insuring 
permanent accuracy. 


The Brookfield Synchro-Lectric Viscosimeter offers 
the advantages of: 


Quick Determinations 

Wide Ranges, High Accuracy 
Results in Viscosity Units 
Models for Many Applications 
No adjustments, Minimum Care 
Portability, Easy Cleaning 
Operating Simplicity. 


Write or phone Sherwood 2-1123 for complete iniormation 


Apparatus and Chemicals for 
|ENERA Industry and Science 


20 MARKET STREET. PATERSON SHERWOOD 2.1123 4 
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Company, 5655 Kingsbury Street, St. 


louis 12, Mo. This attractive brochure 
contains ‘eight pages of informative ma- 
terial on apparatus and equipment of in- 
terest to educational and industrial labora- 
ries. 

The November issue of ‘The Lab- 
oratory” published by Schaar & Com- 
pany, 54 W. Lexington Street, Chicago 7, 
ll, contains another interesting article in 
their series on accidental scientific dis- 
coveries. The current number deals with 
Henri Becquerel’s early experiments with 
uranium ores. 

The fall number of “‘What’s New for the 
Laboratory” has just been published by 
Scientific Glass Company, 100-Lakewood 
Terrace, Bloomfield, N. J. Among the 
new items featured are Teflon-coated 
ground glass joints, a “self-pumping”’ still 
and a flexible Slack Tube Manometer. 


New Reagent Catalogue 


A new 264-page catalogue of laboratory 
reagents and fine chemicals is being 
offered by Baker & Adamson Products, 
General Chemical Division, Allied Chemi- 
eal & Dye Corporation. 

The catalogue covers more than 1000 
high purity chemicals, including such per- 
tinent facts as grades, strengths, maximum 
limits of impurities, etc., on all reagents. 

Extremely useful to the laboratory 
chemist is a special section dealing with 
storage and handling chemicals that re- 
quire extra care. Another informative 
feature of interest to purchasing, operat- 
ing, and laboratory personnel is a section 
on packaging. This contains photographs 
and full particulars on the major types of 
packages used by General Chemical for its 
B&A products in laboratory and bulk 
quantities. 

Copies are available to qualified users 
and buyers of laboratory and fine chemi- 
cals, upon request on business letterhead. 
Write to Baker & Adamson Products, 
General Chemical Division, Allied Chemi- 
cal & Dye Corporation, 40 Rector Street, 
New York 6, New York. 


New Booklet hts Various 


Beckman Instruments, Inc., manufac- 
turers of electrometric pH equipment, 
spectrophotometers, and other scientific 
instruments, has recently published a new 
16-page booklet which describes and illus- 
trates the important features of some 20 
different instruments and basic accessory 
units featured in the Beckman line of 
equipment. One section of the booklet is 
devoted to the various types of Beckman 
pH meters, glass electrodes, and accessory 
equipment. Another covers Beckman 
Spectrophotometric equipment that oper- 
ates in the visible and ultraviolet ranges, 
including the Model B, the Model DU, 
the Flame Attachment units and the 
Model DUR which permits the continuous 
automatic analysis of flowing plant streams 
of either gases or liquids. Still another 
section describes Beckman Infrared Spec- 
trophotometric equipment, including 
Model IR-2, Model IR-2T and the new 
Model IR-3. 

Still other sections of the booklet are 


devoted to’such special instruments as the 
Beckman Automatic Titrator, the Beck- 
man Micro-Microammeter, the Beckman 
Ultrohmeter, the Beckman Flow Calo- 
rimeter, Beckman Radioactivity Instru- 
ments, and other advanced equipment 
that go to make up the complete line of 
Beckman equipment. 

This new booklet—designated as Beck- 
man Bulletin No. 300—is available from 
the manufacturer—Beckman Instruments, 
TInc., South Pasadena 36, California. 


New pH Indicator Chart 


One of the chemical guideposts for a 
generation of chemists has been the East- 


man pH Indicator Chart. On laboratory 
walls from Boston to Bangkok and Syra- 
cuse to Singapore, it has been as much of a 
fixture—and as frequently referred to—as 
the laboratory calendar. But now it is 
about to give way to a new Eastman pH 
Indicator Chart which is expected, in turn, 
to prove even more useful than its prede- 
cessor. 

Showing the hydrogen-ion concentration 
ranges and color changes of Eastman Indi- 
cators, the new chart also gives direction 
for preparation of the solution. It is 
available to chemists without charge on 
request to the Eastman Organic Chemicals 
Department, Distillation Products Indus- 
tries, Rochester 3, New York. 


| 
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Fireproof, waterproof, corrosion-resistant, sanitary, rugged. 


Though designed for schools, this equipment is of the same high 
quality as that used in many of the finest industrial laboratories. 


WHEN PLANNING 


YOUR SCHOOL LABORATORY 


will benefit substantially from these 


SUPERIOR FEATURES OF METALAB EQUIPMENT 


@ Exclusive 7-point “Metcote” Protection of materials. 
Double wall construction and touch operated drawers. 
Interlocked joints are both spot and electronic arc welded. 


METALAB offers you 
the Cfinest- in 
LABORATORY EQUIPMENT 


* How to plan your Laboratory for greater efficiency. 

¢ How Interchangeable Sectional Units are used. 

* How to get the most for your laboratory budget. 
Our new modern plant is geared to give you the close 
cooperation and rapid service you require. 
Rush your problems to us today! 

eo catalog on Laboratory Furniture and Equipment. 


T 


WITHIN YOUR BUDGET 


LABORATORY FURNITURE 
and EQUIPMENT by 


240 DUFFY AVE., HICKSVILLE, L.I., N.Y. 
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“..espectally recommended...” 


NEWS 
POLAROGRAPHIC 
METHOD 


OF ANALYSIS 


Laboratory Equipment | 


SPECTRANAL 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 


VACUUM PUMP 


25 PSI intermittently, or 15 PSI continuously. 
Reaches a vacuum of 27”. Displaces 1.3 cu. ft. 
per min. % HP, 115 V/AC. 22691.......$66 


BECKMAN PYREX CELLS 


Low-PRICED cells of "Pyrex" Brond glass, for 


Models DU and B Beck: 


For work in the 320 to 1000mu range. = 


Pyrex cover. 24356T. 


For teaching spec- 
troscopy and for 
quick identification 
of some 36 metallic 
elements. Request 
Bulletin 135. 


24076T....$282 


For small labs. Oven 
6” diam., 82” deep. 
Range from room 
temp. to 125°C. 
Thermostat control 


(Temco Model RCE) 
One of six sizes avail- 
able. Operates ot any 
temperature from 
350° to 1850°F. Solid 


aluminum, with remov- 


FLEXIBLE 
BOTTLES 


New 1 and 2 gallon 


VACUUM —. yer wwe showing the relation of polarography to 
OVEN much safer for trans- other electro methods. A brief de- 


porting and storing 
liquids. Supplied with 
plastic screw caps. 
5789T I-gal.,, ea. 
$12; 2-gal., ea. $18 
6 Smaller siz 


5 ll vor oz. to 32 or. Ask for mentals of quantitative and qualitative 
20871.....$105 —— analysis and recent developments are 
discussed in some detail. Chapters on 

applications and suggestions for prac- 

MUFFLE "MULTI-RAY” tical polarography complete the book. 
FURNACE LAMP A particularly good feature is the in- 


Four interchangeable 
tubes provide short- 
wave UV for disinfec- 
tion, longwave UV for 


able heating chamb 

4%” wide, 4%” high, 
6” deep. For 115 V/AC. 
14801...... 


For those last-minute second — 


FIVE Big warehouses, all 
linked by teletype, give you 
fast, flexible service on “rush” 
orders. We're specialists in 
educational supply, and carry 
large stocks of all leading 
makes of laboratory equip- 
ment, supplies, chemicals. 


vor north sky- 
light for color match- 
ing, and a white light 
of strong intensity. 115 


Al 
$38 to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentals of polarographic measurements. 
For more data on any of these items — 


PHONE — WRITE—WIRE—TELETYPE 
your nearest WILL office-warehouse: 


WILL CORPORATION......Rochester 3, N. Y. 
WILL CORPORATION. ....New York 12, N.Y. 
WILL CORPORATION of Md.. Baltimore 1, Md. 
SOUTHERN SCIENTIFIC CO., INC.. Atlanta 1, Ga. 
BUFFALO APPARATUS CORP. . Buffalo 5, N. Y 


of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


In this second revised and augmented 
edition, the author purposes “‘to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well 
as in advanced courses in analytical 
chemistry.” The emphasis is on prin- 
ciples and the scope is descriptive rather 
than mathematical. 
excellent 


It begins with an 
review of electroanalysis, 


scription of apparatus includes equip- 
ment constructable from parts readily 
available in many laboratories. Funda- 


clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 


Joun K. Tayior 
ANALYTICAL CHEMISTRY 


209 pp illustrated $5.50 


(Foreign $4.00) 


CHEMICAL EDUCATION 
PUBLICATIONS 


————-—-EASTON, 
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What Do You Need In 


LABORATORY 
EQUIPMENT? 


Whether you are equip- 
ping new laboratories or 
replacing equipment in ex- 
isting ones it will pay you 
to investigate KNIGHT- 
WARE. 


KNIGHT-WARE is a 
quality ceramic com- 
of specially  se- 

cted and processed clays. 
It is physically tough and 
corrosion proof clear 
through. Special shapes 
may be made to order at 
relatively low cost. Some 
KNIGHT-WARE _ installa- 
tions have been in daily 
use for over 40 years. 


KNIGHT-WARE 
Equipment includes: 


Sinks 

Table Troughs 

Drain and Acid Lines 
Fume Ducts 

Tanks 
Sumps 
Jars 

Berl Saddles 


A completely detailed 
and illustrated brochure 
will be sent you on re- 
quest, ask for bulletin 
No. 5-Y — KNIGHT- 
WARE. Please specify in 
your letter type of equip- 
ment in which you are 
interested. 


MAURICE A. KNIGHT 
201 Kelly Ave., Akron 9, Ohio 


CHEMICAL 


3 GOOD TECHNICIANS 
your LABORATORY. 


“MULTIPLE UNIT" 
TEMPERING FURNACE 


For Temperatures to 1250° F. 


A high speed centrifugal fan 
located in the rear of the 
heating chamber supplies 

rapid and uniform heat- 

ing. Shelves and baffle 

are easily removed. 

Write for Bulletin 

LAB- 1049. 


“MULTIPLE UNIT" 
MUFFLE FURNACE 


For Temperatures to 1850° F. 
For drying precipitates, 
ash determinations, fu- 
sions, ignitions, heating 
metals and alloys, enamel- 
ing, heat treating, and 
experimental test 
work. Available in 
four standard sizes. 
Write for Bulletin 


HEV! DUTY 
“G-05-PT” FURNACE 


For Temperatures 
to 2600° F, 


Designed for operation 
at high temperature with 
or without a protective 
atmosphere. Heating ele- 
ments are silicon carbide 
rods extending across the 

chamber, above and be- 

low the refractory muffle. 

Write for Bulletin 

LAB- 250. 


HEVI DUTY ELECTRIC COMPANY 
LABORATORY FURNACES MULTIPLE UNIT 


Pat. OFF. 


MILWAUKEE 1, WISCONSIN 


ELECTRIC EXCLUSIVELY 
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How Protein Fat and Fiber are 
analyzed at Univ. of Kentucky 


Thousands of samples are run quickly and accurately every 
year at Kentucky's Department of Feed and Fertilizer. Here, 

as in dozens of other university laboratories, ‘““Labconco” ap- 
paratus is on the job. 


KJELDAHL APPARATUS for protein determination com- 
bines digestion and distillation, has electric 3-stage heat. 
Like all “Labconco” Kjeldahl apparatus, this unit has guar- 
anteed fume disposal. ‘“‘Labconco” offers Kjeldahl in 6 to 96 
flask capacity, with gas or electric heat. 


“GOLDFISCH” F FAT EXTRACTION APPARATUS speeds 
up solvent extr des safety features—reclaims sol- 
vent—is a real favorite in many labs. 


CRUDE FIBER CONDENSER by “Labconco” (shown with 
laboratory's own dispensing and Kitering system) handles the 
troublesome part of the fiber determination. ith this ap- 
paratus, ape is minimized, heat regulation is instant, avail- 
able in 2, 4 and 6 capacity units 

Get in ‘toh with the manufacturer for full details on these 
units as well as on “Labconco" mills, carts, specialized tables 
and associated laboratory equipment. 


‘LABORATORY CONSTRUCTION CO. 
1113 Holmes Kansas City, Mo. 


Enables critical measurements which generally can- 
not be accomplished with ordinary photometers. 


Designed for measurements at very low light levels. 
The detecting unit is comprised of a photomultiplier 
tube of exceptionally high amplification and regional 
response. The control unit consists of a stable 
battery power supply enabling a wide range of 
sensitivity selection, linear response and dark cur- 
rent balance. Arranged for easy attachment to 
various instruments. 


BULLETIN #804 
ON REQUEST 


PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL Inc. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. 


(Mass Spectrometer Checked) 
“RARE GASES 


Linpe. Solas are mass spectrometer checked to 
assure you gases of known purity and niko high 
‘quolity. Available 
glass bulbs. 


Linve, the world’s largest producers of gases dowel 
from the atmosphere, can meet your individual needs 


of purity... volume ... mixtures... containers... 
be _ LINDE AIR PRODUCTS COMPANY 
A DIVISION OF 


UNION CARBIDE AND a CORPORATION 
30 East 42nd Stree New York 17, N.Y. 


in Cangda: Dominion Oxygen Company, Limited, Toronto 
germ of Union Cerise Carte 
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Memeo 


To: OUR CUSTOMERS — present and future 
From: AMEND—The Best Source 
for the Unusual Chemicals 


We have the “Kuow How" to give you the best service. 


LABORATORY CHEMICALS 


Alkaloids Dehydrating Gums 

: Bacto Media Agents Metals 

Balsams Dyes Oils 

| Botanicals Elixirs Resins 

Cements Enzymes Resinates 
Extracts Solvents 


For efficient service—specify 


Sterches 
Sugars 
Test Papers 
Tinctures 
Waxes 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street New York 10, N. Y. 


#5-778 One gallon Poly- 
" ethylene Bottle with tight fit- 
| ting Polyethylene screw cap. 
Dimensions: 13/2” high x 
5%” diam. 
each $7.50 
per doz. 75.00 


F.0.B. N. Y., N. Y. 


toxic, odorless and can be 
to 219°F. Finished in a neutral color, both may be used 
conveniently and confidently—free from the fear of break- 


ing or chipping. 


AGAIN — 


-MACHLETT offers You the Newest 


E. Macuiett & Son—serving the scientist for over 50 years—offers 
for the first time two frequently used items—a screw cap storage bottle 
and a funnel—made from Polyethylene. 


¥ CHECK THESE ADVANTAGES— 


UNBREAKABLE—avoid costly breakage 


and loss of valuable solutions. 


LIGHTWEIGHT~— the weight of glass. 
CHEMICALLY INERT— Withstands 


strong alkalies, acids, and alcohols. In fact, 
Polyethlylene has no known solvent at room 
temperature! 

REASONABLY PRICED—Offers large 
long run savings. 


And also, these two handy Polyethylene items are non- 
used with solutions heated up 


Order today from 


E. MACHLETT & SON 


Laboratory APPARATUS + SUPPLIES + CHEMICALS 
220 East 23rd Street: New Yor« 10,N.Y. 


436-851 Free-flowing Polyethylene 
Funnel, designed with ridges on the 
stem to prevent pressure lock. 


Dimensions: 7%” top diam., stem 
3” long, %” diam. at lower end. 


each $ 1.50 
per doz. 15.00 


F.0.B. N. Y., N. Y. 
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The ultra-modern design of the 
Coleman Compax offers the 
chemist these unusual features. 


Precision based on simplicity ... Compax 
uses the classic potentiometer pH circuit, but in 
a new way... by replacing the usual null meter 
with a miniature neon, almost instant balance is 
made practicable . . . the usual working cell ad- 
justment is eliminated by directly applying an 


oversize standard cell. 


Extra convenience ... Fewer parts make the 
Compax easier to operate, easier to balance, 
easier to maintain. Almost all set-up time is 
eliminated, when the lid is opened the cell chain 


rises into position, ready for use. 


Fully portable ...Everything for a year's 
service is packed inside the case, electrodes, 
liquids, even beakers ...can be easily carried 


anywhere ... ready to work anywhere. 


For full details of this amazing 


new instrument 


Write Department B for Bulletin B-225 


pH METER 


Coleman “Balanced Design” means...Precision + Convenience + Reliability. 


SAB WADBASDA Sh. 
, 
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STILL 


Now you can run ten or more stills or evapora- 
tors simultaneously, and at almost any desired 
pressure, with a single water ejector or vacuum 
pump! 

By utilizing a novel method of operation, the 
Self- Pumping Still, when evacuated to the desired 
pressure, not only maintains itself without the 


aid of a vacuum pump, but results in a further 
lowering of the existing pressure. 


Made of **PYREX”’ Brand Glass 


With this apparatus, vigorous circulation is 
maintained throughout the process of concentra- 
tion or distillation without mechanical agitation! 
Bumping is eliminated. Foaming is, in most 
cases, eliminated. And there is no entrainment. 


These are but a few of the many outstanding 
features of this revolutionary unit. 


Complete information will be sent on re- 
quest. 


SCIENTIFIC GLASS 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 


LABORATORY WEIGHTS 


Perfect for School or Industrial Use 


IN NEW, MODERN 
CLEAR VIEW 
PLASTIC CASE 


50 GM. to 10 MG.; complete with 


stainless steel forceps 


$2.95 per set 


THE RUPP AND BOWMAN COMPANY 


Meets Class C Tolerance 


Bureau of Standards 


Set #1241 
50 GM. to 10 MG. 


Laboratory Supplies 


315-319 Superior Street, Toledo 3, Ohio 
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Add this beautifully illustrated book to your chemistry library , | — 


The CHEMICAL ARTS 
OLD CHINA 


by 
Li Ch’iao-p’ing 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


Sweeping the salted ash in. 
to heaps after the sea waty 
has evaporated. 


If you are a lover of beautiful books—and 
a chemist besides—you’ll want to add a 
copy of Zhe Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


Included in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
leather and glue, soybean products, al- Working the drainers for 
coholic beverages and vinegar ... plus an the preparation of concen- 
appendix showing the dates of the Chinese ro. 
Dynasties, and a list of Chinese weights 
and measures. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 


Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of Zhe Chemical 
Arts of Old China, and to your reading 
pleasure. 


229 pp. $5 .00 (postage prepaid) 
($5.50) Foreign 


Final crystallization of th 
salt. 


Order your copy today from 


~—— CHEMICAL EDUCATION PUBLICATIONS 


2077 NortHAMPTON Sr. Easton, Pa. 
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MORE PRECISE! 
LOWER PRICE! 


This instrument offers every advantage, including low 
price. ©@ The tripartite field of vision facilitates more pre- 
cise setting than the usual type. ® Micrometer adjust- 
ment for greater accuracy in readings . . . direct readings 
to 0.05°, estimations to 0.01°. 


Write today for Bulletin KP-495 
Sold through all leading suppliers 


KERN COMPANY 


5-7 Beekman St., New York 38, N. Y. 


CHEMICALLY PURE WATER 


from your faucet 
with the 


LaMOTTE FILTER-ION 
No installation necessary 


Useful wherever chemically pure water is required, 
such as: 

Photographic Work 
Storage Batteries 
Electric Steam Irons 
Sterilizers 

Analytical Procedures 
Hydrogen-lon Studies 
Blood Chemistry 
Serology 


2 models: 
Model W 


—supplies up to 10 gallons} on one 

charging, $3.85 each 

Model W-D—supplies up to 20 gallons on one 
charging, $5.75 each 

Both models may be recharged. 

(Refill package $3.50 each) 


LaMotte Chemical Products Company 
Dept. Y Towson, Baltimore 4, Md. 


COORS 
~ALUMINA 


MORTAR aso PESTLE 
\Catalog'No.524- 


ring inset in base... 


@EASY TO GRIP 


Availoble in a variety of sizes. 


Coors PORCELAIN COMPANY 
COLDEN. COLORADO 


CROSS SECTION: Showing rubber 


The exclusive Non-Skid Feature 
which prevents slipping and 
also prevents marring of furniture tops 


BETHLEHEM PLURO-JAR 
Whe Versatile Desiceator 


AREVOLUTIONARY 
IDEA—an efficient 
Desiccator at one- 
third the price. 


the unique 
Cloverleaf 
Shelf. 


For Chemical, 


Biological and 
The PLURO-JAR Metallurgical 
is 7” high with (a Specimens of all 
ADJUSTABLE kinds—the 
Cloverleaf and Shelf. 


Patent applied for 


FBlat sheives 3” 


in diameter. 
Send for Bulletin PJ-15. 


BETHLEHEM APPARATUS COMPANY, INC. 
802 Front Street, Hellertown, Pa. 
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EQUIPMENT SERVICES 

New Jaco Recording Acme 
POLARIMETER TUBES 
Inc. 
Comparator and ACCESSORIES for Amer 
Microphotometer GENERAL POLARIMETRY Amer: 
. . . the compact, flexible instru- INVERSION TESTS | Ange 
ment you’ve been wanting HIGH TEMPERATURE POLARIMETRY | Baker 
photometer —when the Jeco pecording MICRO POLARIMETRY Beth 
Cheek advantages: Write for new list PT12, 
Many other features— Slit adjustable for both leng: width O.C.RUDOLPH & 
Send for catalog 203W today. Manufacturers of | Chem 
Optice! Research & Control! Instruments Chem 
165 Newbury Street 
JARRELL-ASH COMPANY P.O. BOX 448, CALDWELL,W.i, 
Complete Spectrochemical Installations 
ORGANIC NITROGEN Delt 
Cargi e FUNDAMENTAL ORGANIC CHEMISTRY |B past: 
Micro Beakers WORK-BOOK OF ORGANIC CHEMISTRY |f Eber! 
Revised: $8.75, 4.50, 1.75 — 
University Lithoprinters, Fishe 
a Ypsilanti, Michigan Gene 
Greir 
Hars! 
Leaflet MB-C on Request 2-Acetylaminofluorene Heat 
Price: $7.50 per Gross; Plastic Holder 3, 4—Benzpyrene on 
$.50; or send $2.00 for 24 assorted 
Beakers with Plastic Holder as_illus- ioe Inter 
trated. | Inter 
R. P. CARGILLE NEW LINE OF SPECIALIZED CARTS help || EDCAN LABORATORIES Kern 
118 Liberty St. New York 6, N. Y. Ss ay a South Norwalk, Connecticut Kiml 
glassware, fi tc. — all of one-piece wel Id Klett 
BASIC MANUFACTURER SINCE 1874" 
GLYCYLGLYCINE, L-PROLINE, PICTURES, FULL DETAILS. N ALL 
HYDROXY.L- PROLINE® ARGININE - HCI ABCONCO” C CARTS AV AILABLE—WRITE 
PREMIXED MEDIA FOR MICROBIO- LABORATORY CONSTRUCTION CO. MANDY CALCULATOR) 
1113 Holmes Street © Kansas City, Missouri 7. 
H. M. CHEMICAL co., LTD. Long 
1651—18th St., Santa Monica, Calif. 
McC 
Mac 
Mae 
Mall 
Mer 
Met 
For The Chemist and Engineer |B Nev 
IMMEDIATE 
ly: Low Priced: Weight 12 
DEL IVERY Easy to Learn: New Back Transfer Oha 
from complete stocks ieee 
Alkaloids Ask For Bulletin CQ-13 | Rup 
Natural and Synthetic Amino Acids SOLE DISTRIBUTORS FOR U.S.A. Sars 
Unnatural Amino Acids IVAN SORVALL, ING Sen 
Biochemicals 
210 FIFTH AVE., NEW YORK 10, N. ! Sch! 
Enzymes and Coenzymes Vacuum Scie 
Heterocyclic Compounds or | Ph 
Imi d Amines Sta 
mines and Amine *INEXPENSIVE 
Metalorganics ‘ The 
Pharmaceuticals Work EFFECTIVE | Tor 
Purines and Pyrimidines *PROFITABLE Uni 
Rare Organic Acids and Derivatives : | ¢ 
R ea g en ts with Interchangeable Parts That's what they say about U. { 
ivatives | 
itamins an eriv Send ler Bulletin TSL RATES 1 Wi 
12 insertions.......... $6.75 per inc Wil 
Laboratories, ACE G LA SS INC. 6 insertions.......... 7.75 per ind 
17 West 60th St., New York 23, N.Y. FOREMOST IN STANDARD AND SPECIALIZED Less than 6 insertions... 8.75 per inch * 7 
Plazo 7-8171 GLASSWARE FOR RESEARCH AND INDUSTRY PI 
eas 
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MEET THE NEW 


POLARIZING 


MICROSCOPE 


RYSTALLOGRAPHERS, chemists, pet- 
‘; rologists . . . here is the laboratory 
and teaching instrument you have been 
looking for. It’s the AO Spencer P45 
Microscope, suitable for powers up to 
430X, numeral apertures up to 0.66. 
The built-in polarizer and removable 
body tube analyzer are of precision opti- 
cal-quality polaroid. All standard AO 


compensators are accommodated. 


Although simplified in construction and 
operation, the P45 retains highest-qual- 
ity AO Spencer optical and mechanical 
features throughout. See it at your first 
opportunity. You'll be amazed at the 
price—a fraction of the amount you 


would expect to pay. 


For further 
information write 


Dept. A67 


@ STANDARD STRAIN. FREE 


OBJECTIVES AND EYEPIECES 


@ SIMPLE GRADUATED 
ROTATABLE STAGE 


@ PINHOLE OR TELESCOPIC 
EYEPIECE FOR VIEWING 
INTERFERENCE FIGURES 


@ BUILT-IN ILLUMINATION 


WITH DISC DIAPHRAGM 
APERTURE CONTROL 


INSTRUMENT DIVISION +« BUPFALO 15, NEW YORK 
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HEAVY DUTY SOLUTION 


rately 
steel side bar at each graduation tive weighings 


20 KG. Capacity | 
1 Gram Sensitivity 


ries heavy loads without deflection 
 @ Knife Edges . . . Precision ground 


tool steel knife edges throughout @ Graduated Beams . . . Stainless Steel 
Polse . . . Rear poise engages accu- 
milled 


etched 


notches on_ stainless @ Tare Poise . . . Locking for repeti- 


The rugged durability of this scale, together with its high capacity and 

sensitivity, makes it adaptable to a great number of laboratory, scientific, 

' agricultural and industrial uses. It may be obtained with iron or stainless- 

steel platform; also, with animal box in either metric or avoirdupois 
calibrations or a combination of both. 


@ Base... Heavy cast-iron construction 


MODEL 1195: Scale with 


heat, corrosion and chem- 
ical-resistant stainless steel 


platform. 
Price $100.50 Metric 


MODEL 120: Scale 
Subject Box—box mecs 
18” height, 12” width, ij 
depth. For use in weigh 
animals. 

Price $113.70 


SPECIFICATIONS 
Model Capac. “tivity Front Back Weights | Dia. | | 
BRL 20 Kg. 1 gram 100 gr. x 1 gr. 1000 gr. x 100 gr. | 2270 gr. |10Kg.x1Kg.| 11” $ 93.00 
2 123 45 Ibs 1/16 0z. | 2.0z. x 1/16 oz. 2 Ibs. x 2 oz. S ibs. {20 Ib. x 2 Ib. 1” 97.50 
122 45 Ibs. Ib. | .1 Ib. x .002 Ib. 2 Ibs. x .1 Ib. Slbs. {20 Ib. x 2 Ib. 101.25 
20 Kg. 1 gram 100 gr x Igr 1000 gr.x 100 gr.| 2270 gr. |10Kg.x1Kg.| 11” 136.50 
som or or & & or & 
belt 45 Ibs 1/16 oz. |_ 2 0z. x 1/16 oz. 2 Ib. x 2 oz. 5 Ibs. |20 Ib. x 2 Ib. 


OHAUS SCALE CORPORATION @ 1050 Commerce Ave., Union, New Jersey 


| 
| AIT 
| | | | 
— 
Bearings. 
| 
FLOATING FIT TINNW 
GUIDE PIN = 
\ St / Model 119 Heavy Duty 
@ Unique Check Lever System 
heavy loads @ Beam...Cast-iron construction car- 
‘ 
or 
— 
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He Industrial Laboratory 


Designed particularly to meet the needs of the indus- 
trial scienti i 


effectiveness has been proven in countless applications 
investigate their possibilities for your projects. 


1. MODEL B CENTRIFUGE equipped with a 


11” diameter high-speed perforated basket style head; 
four 250 ml. bottles; eight 100 ml. tubes. Also available 
with 1750 r.p.m. explosion-proof motor for petroleum 
testing. 

2. LABORATORY CHEMICAL CENTRIFUGE. 
For purely Scientific or preliminary to large scale com- 


Of rugged design for continuous operation the Shaker 
can be furnished with explosion-proof motor if required, 


Send for Catalog A giving full details 


ity 
tivity | 
> < Cs are va uable assets : 
In both research WoO 
2 
Class I Group D location. 
| Fiz 
| 
“Cat 
d : 4 ge has adjustable speeds up to 3600 r.p.m. with 5” dia. x 
244" deep basket, furnished in manganese bronze, 
ie. es sii stainless steel, rubber-covered steel and Coors porcelain. 
Scale fe: 3. BOTTLE SHAKING MACHINE. Produces a 
=a ‘d “a 3 motion similar to shaking by hand but much more 
<a a rapid and effective. Various interchangeable heads are 
° available with capacities up to ten one-liter bottles, 
70 quart-size fruit jars or other 
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V Same dimensions 
V Standard units 


Any Room Size - Any Type of Work 


Versatility and simple installation or reassembly—together with immediate avail- 


ability from stocks on hand—are outstanding features of Fisher Furniture. 


Innumerable combinations of 20 basic units permit assembly of equipment for a 


wide variety of laboratory work. 


Write for free catalog 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPANY! 


PITTSBURGH NEW YORK * WASHINGTON ST. LOUIS MONTREA 


717 Forbes (19) 635 Greenwich (14) 7722 Woodbury 2850 S. Jefferson (18) 904 St. Jame: 
(Silver Spring, Md.) 


iture 
/ 


